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Synopsis

SYNQESIS

This report 1s a review of field procedure and equipment used in
the past in sampling suspended sediment loads of streams. The methods
following in locating sampling points across a stream and in selecting
the depths of observations in a vertical, are discussed in detail, and
the advantages and disadvantages of the various methods are presented.
Consideration is given also to the frequency with which samples should
be taken.

The devices used in the past for sampling suspended sediment are
described and 65 forms are illustrated. The samplers have been classi~
fied according to their mode of action, and the advantages and objec-
tionable features of each class are given. The requirements of a sam-

pler which would meet all field conditions satisfactorily are set forth.
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Section 1l 14

FIELD PRACTICE AND EQUIPMENT USED IN
SAMPLING SUSPENDED SEDIMENT

I. INTRODUCTION

1. Present status of suspended sediment investigations--Sand, silt,

gravel, and other insoluble materials transported by streams, either as
suspended matter or as bed load, present problems of vital importance in
many projects for flood control, soil conservation, irrigation, navigation,
and water power development. Costly maintenance, loss of efficiency,
and, in many cases, complete destruction of important engineering works
have been experienced due to filling of reservoirs by sediment, filling
or scouring in navigation and irrigation channels, and erosion and gully-
ing on arable lands. Study has been given to these problems both in the
field and in the 1laboratory, but a great deal more work is necessary
before all of the many and complex phases can be setisfactorily handled
In view of the extensive industriel, commercial, and public service
development of streams accomplished in recent years, it may be expected
that the accumulation and deposition of the sedimentaery materials carried
by rivers will become o problem even more seriocus in the future. There-
fore, in orde; to effect the best solution it is desirable to have a
better knowledge of the physical laws controlling sediment movement and
to have more Iinformation regarding the nature and amount of sediment
carried by the individual streams.

To determine the quantity, the cross-sectional distritution, and the
characteristics of sediment in any river, samples of the water-sediment

mixture are obtained, and analyzed in the laboratory. Many interests,
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public and private, and individuals, have been engaged 1in this type of
study durlng the past éentury, but with little or no collaboration or co-
ordination. Each investlgator has developed equlpment and gsampling methods
according to his own interpretation of the manner of sediment transporta-
tion and according to the demands of the particular problem at hand. Con-
sequently, the various samplers that have been developed meke up a
heterogeneous collection of instruments, many radically different in
principle and constructicn, and yet designed to perform the same work.
The samplers, generally, have been improvised to meet the situation at
hand and, in many cages, the construction or principle of operation
prevents their obtaining samples truly representative of the quantity of
. sediment carrled by the water in which they are inserted. Similarly,
there are today many different methods wused in taking suspended sediment
samples for determining the.sediment'dischafgea of streams. The number
and location of sampling points in a river cross section, and the
frequency of sampling, have often been arbitrariiy chosen without regard
to perlods of timé, or to seasonal changes in the volume of water and
sediment carried by the streams. Laboratory practices in anélyzing the
gsamples and methods of presenting the results, 1likewise vary. The lab-
eratory methods employed usually have.been relatively accurate, but some-
times more expensive than:necessary. Uncertainty as to the best methods,
and lack of standardization of apparatus and field practice, hawe resulted

in data which are pifficultto correlate and which, in many cases, are not

sufficiently complete for practical use.

2. Purpose of the present investigation--In viewof the miscellaneity

of apparatus used in sampling the gediment content of streams, the
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dissimilarity in practices employed, both in field sampling and in labor-
etory analysis, and in view of the importence of datno regarding the quan-
tity, character, and behavior of sediment carried by streams, several

government opgencies, mutuelly interested in this problem, have been
prompted to cooperate iIn a jolnt project to review existing equipment
and practices, to develop by observatlons and laboratory tests the rela-
tive value of results obteined in using such equipment and practices, and

to develop approved methods for ppecific problems in sediment investiga-
tiong, The first phase of this comprehensive study, which is deseribed
in this report, is an exhaustive review of oquipment and field proctice
in securing sediment samples in this country and abroad. A similcr study
of bed-load samplers is a part of the project.

A study of laboratory methods for determining the concentration of
gediment in the samples znd the variation in gize of porticles, is another
phase of the general project to be covered in a later report. A& lobora-
tory study of samplers, and sampler intdkes, principally with considera-
tion of the effect of their mode of action upon their accuracy, is also
an important part of the investigation. These phases of the investigation
will be covered in subsequent reports with titles as indlcoted tentatively
on page 2.

Upon completion of the entire project, it is belleved that improve-
ments in field practice, in sampler design, and in laboratory analysis
cen be recommended. This project should serve slsoc as o gulde in estab-

lishing some degree of standardizetion.

3. Authority and personnel--The comprehensivo progrom of which this

report isg a part, is conducted by an informal c¢ooperation of the Geologleal
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Survey, Indian Service, and Bureau of Reclamation of the U. S, Department
of the Interior; the Flood Control Coordinating Committee of the U. S.
Department of Agriculture; the U. S. Engineers of the War Department; and
the Tennessee Valley Authority. The investigation is being conducted at
the Hydraulic Laboratory of the Iowa Institute of Hydraulic Research,
State University of Iowa, Towa City, Iown, under the supervision of
Professor E. W. Lane, Fngaged on the project as representatives of their
respective collaborating agencies have been, Cleveland R.'Horne, Jr.,
U. S. Engineer Department; Victor A. Koelzer, U. 8. Geological Survey;
Philip M, Noble and Donald K. Rhinchart, U. S. Bureau of Reclamation;
Vernon J. Palmer, U. S. Department of Agriculture; and Clarence A. Boyll,
Tennessee Valley Authority.

The personnel of the U. 5. Engineer Sub-0ffice, Iowa City, and of
the Hydraulic Laboratory of the University of Iowa, have assisted in the
administrative details, the testing program, and in the preparation of
reports. This report has been edited by Mr, Martin E. Nelson, Engineer,
in charge of the U. S. Engineer Sub-Office.

4. Scope of the present report—-The historical development of

equipment and pertinent information concerning field practlice used in
gampling suspended sediment of flowing water are presented in this report.
This review, which is a revision and enlargement of the preliminary report
submitted in November, 1939, will form the basis for the future study and
development of these phases. It is intended +to be as exhaustlive as is
practicable, of both foreign and American literature on the subject, but
due to rapid developments &and advancements which are currently made in

suspended sediment work, it will undoubtedly be incomplete., However, any
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important information‘ which becomes available during the course of the
investigation will be covered in supplementary reports.

In Chapters II to VI arc reviewed the experiences and practices of
early and contemporary investigators in suspended sediment research. In-
vestigations of the past are listed chronologically and a summary and
clasgification of the various field methods are given.

Two highly important phases of field practice in sediment sampling
are considered; vliz., the locntlon of sampling points, and the frequency
of obgervntion. The bhesic considerntion in the solectlon of sampling
points is that semples. obtzined should be representative of the quantity,
or size distribution of sediment, or both, prevailing at the stream cross
section ot the time of sampling. The common practice has been to select
one or more vertical statlons in & cross section, either arbitrarily or
with respect to water discharge distribution, and to take samples at one
or more points in each vertical. Arbiltrary selectlon of sampling points
necessitates modifying the results by empirical coefficients. Recent
practice has been to select location of sampling points oh a rational
besis. Various methods used in locating vertical stations =and sompling
points in the verticals are discussed in detaill in Chapters III and IV,
regpectively.

Seasonai and climatic effects produce wide voariations in suspended
load, especizlly in smaller streams, and therefore, the frequency of ob-~
servation is an important phase of the field procedure. In meost instances
it probably deserves more consideration and study than has been given to
it in the past. A discussion of this factor is presented in Chapter V.

A study of suspended sediment sampling equipment, which has been or
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is being used, is presented in Chapters VI to X. The historical develop-
ment of samplers is outlined and the various samplers are classified as
to type. Their advantages and objectionable features are discussed.
Numerous samplers, varying widely in principle of action and design,
have been devised. No individual sampler, or type, has been accepted
commonly by the various agencies conducting sediment investigations, and,
in general, samplers have not been rated with respect to their reliability
in securing representative samples. Regardless of the care exercised in
locating sampling points and the frequency of sampling, the data can be
no more accurate than the individual samples. One purpose in this study
is to determine and evaluate the ability of sﬁmplers fo cbtain represen-
tative water-sediment samples and, if possible, to grade samplers accord-
ing to their adaptabllity for various types of work. Whers improvements

in design are indicated these will be pointed out.

5. Definition of terms--In preparing this report accepted usage of

terms has been followed as closely as possible. However, in certain cases
" more recent information, or the necessity for more accurate definitions,
has lead to departure from the usual terminology or to the introduction
of new terms. The following are the definitions of certain terms as used

in this report:

Sediment--Fragmental material transported by, suspended in,
or deposited by, water or air, or accumulated in beds by other
natural agents. (From New Standard Dictionary, 1937, geology.)

{(Note--It has been common practice to use the term "gilt"
in this sense, btut, gince it also defines a certain size range
of particles, it has been avoided in this report.)

Suspended sediment--Sediment |which remains in suspension
in water for a cdnsiderable period of time without contact with
the bottom. ‘ : I

|




Section 5

R0

Woter-sediment—-Water and sediment mixture existing in or
obtained from a stream or other body of water.

Sediment concentration--Ratio of the weight of the sediment
in a water-sediment mixture to the total weight of the mixture.
It is ordinarily expressed in per cent for high values of con-
centration and in parts per million (ppm.} for low values.

Sediment discharge--Weight of sediment +transported per
unit of time.

Sediment hydrograph--Diagram showing the variation of sed-
iment concentration or sediment discharge with respect to time.

Vertical--{Used as a noun). Imoginary vertical 1line at
any point in a gtiream or other body of weter cxtending from the
surface to tho bottom.

Point sample--Sample of water-sediment secured at a single
point either with an instantaneous or time-integrating sampler.

Time-integration--Process of sampling over a considerable
period of  time.

Qgptﬁ-intqg;ation-—Method of sampling to securc an in-
crement of sample from every portion of a vertieal.
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II. TIELD PRACTICE USED IN SAMPLING SUSPENDED SEDIMENT

6. Higtory of field practice—-The field practice used in sampling
Suépended gediment has been found to be largely independent of the type
of equipment used, and, therefore, the review of the history and develop-
ment of fleld proctice and sampling equipment will be tredted separately
as far as pogsible, This report is divided into two general parts, the
first part dealing with the field practice of suspended sediment sampling
and the second part with the equipment uéed.

In order to properly visualize the subject of field practice it is
desirable first to review its history, by presenting the field practice
used in the principal series of samplings in the past, from the earliest.
times down to the present. By such o review it 1s also possible to show
the sclentific principles underlying the present practice, beginning with
the simplest asgpects and gradually’%xpanding into the more complex prob-
lems, in the natural way in which they unfolded themselves in the mind of
the engineer as the science developed.

From the earliest times it was probably realized that the distribu-
tion of sediment throughout o stream 1is not uniform and that it is not
pogsible to determine from a sample taken at a single point exactly the
amount of sediment carried by the stream. Becouse of the difficulty and
expense of securing and analyzing samples, however, in many of the early
investigations, and, to a certain extent, in some of the more recent
studies, single samples were taken and the sediment concentrations de-
termined from them wers assumed to be representative of average condi-
tions, In other cases the concentrations were multiplied by & facter,

generally based on more detailed studies, which would give a fair estimate
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of the total quantity of sediment dlscharge over a long period of time,
even though it might not give an accurate value for each individual
measurement. As the need of greater accuracy was felt, and more funds
for observationsg became available, more refined methods of determining
the average sediment content of a stream were developed. These refine-
ments consisted of the selection of more than one vertical in a cross
section of the stream and securing of samples from more than one point in
each vertical. Thus there arose the problems of locating the verticals
where they would give the most accurate results, and of finding the most
desirable sampling points in those verticals. Fach of these problems is
treated in a chapter appropriately titled in this report.

Practically all of the earliest sediment measurements were made in
large, important streams in which the sediment content, with respect to
time, did not vary as rapldly, nor as widely, as in smeller streams.
Although the funds available werc generally insutticient to secure first-
c¢lags determinetions of sediment discharge, the results obtained were
probably not greatly Inerror. However, in connection with recent studlea
of soil erosion, it has become necessary to measure the sediment discharge
of smnller streams. There the variatlons in sediment concentration fre-
quently are so rapild end extreme that the number ond frequency of samplings
ere important considerations if results of even reasonable accuracy are
to be secured. Therefore, the question of the frequency of sampling will
be discusaed in some detail in another chapter of this report.

The history of the development of field practice for sampling sedl-
ment of streams, as presented 1n -the f{ollowing paragraphs, has been

complled after a thorough research of existing literature on the subject.
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Thé work done in this country is described largely in published crticles
but partly alsc In unpublished reports of various Government organiza-
tions. A thorough search of the foreign literature, together with letters
and reports generously supplied by numerous individuals and organizations
throughout the world, have alsc been reviewed. Although the review of
foreign studies is undoubtedly less complete than that for developments
in this country, it is believed that most of the important itemg from
foreign countries have been included.

The large quantity of data which is avnilable can be presented best
by giving, first, a chronological record of the principal features of the
various investigations, in the form of o genernl description and, ‘then,
in a more condensed tabular form, followed by a brief summary pointing

out the principal steps in the development.

7. Develooment of field practice during the nineteenth century--The

earliest record found in this study of suspended sediment sampling was
the work of Gorsse and Subuors {26)% in 1808 and 1802 in the Rhone River
at Arles, France. No description of the method of sampling was given.
Blohm (4;25) sampled the Elbe River at Harburg, Germany, Irom 1837 to
1854, but has left no description of the method used. Although he found
a slight excess of sediment near the surface, he concluded that the con-
centration was nearly uniform throughout the depth.

Captain Talcott of the U. S. Army collected the earliest samples
from the Mississippi River (26) in 1838. No mention was made of the
sampling method used.

# Numbers refer to references in the hibliography.
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From 1839 to 1848, Baumgarten (3,23) made measurements of the sedi-
ment discharge of the River Garonne at Marmande, France. This was prob-
ably the first invegtigation in which the sediment discharge was actually
computed. Baumgarten collected single surface samples after concluding
from more complete preliminary investigation that this method would give
the sediment concentration representative of the mean of all depths. The
same method was used by J. L. Riddell (26) in the Mississippi River near
New Orleans from 1843 to 1848; by M. A. Surell (26) in the Rhone River at
Lyons, France, in 1844; by Andrew Brown (26) in the Mississippi River at
Natchez, Mississippi, from 1848 to 1848; by Lieutenant Marr (26) in the
Missiesippi at Memphis, Tennessee, in 1849; in the Mississippi at Columbus,
Kentucky, (23,26,54) in 1858; and in the River Tigris, (33) 1Iraq
(Mesopotamia) from 1918 to 1919, Jakuschoff (29) stated that in 1932
samples were taken in a similar manner in Finland and in Bavaria on the
assumption that in "brisk" flow sufficient mixing will take place so that
surface samples are representative of the average sediment concentration.
Numerous other investigators have used a single surtace sample and multi-
plied the resultant sediment concentration by a coefficient. The work
of these investigators will be reviewed later.

In 1851 Professor Forshey (23,26,54) collected nine samples daily
except Sunday from the Mississippi River at Carrolltionm, Louisiaha, at the
surface, mid-depth, and near the bottom, 1n verticals near each bank and
at midstream. uAt the end of the week equal volumes of the six samples
from each sampling point were combined to give nine composite samples for
the week. 8Slngle surface samples were taken daily in 1852 and, on the

basis of the previous measurements, the observed sediment concentration
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was multiplied by a coefficient of 1.2 to obtain the mean for the river.
In 1867 the Board of Water Commissioners (54), St. Louis, Missouri, col-
lected samples of water which had been pumped through the intakes of its
water-works.

Adolphe Guerard (20) collected samples daily from 1862 to 1870 from
the River Rhone, France, at a point 6.5 ft. below the water surface and
50 ft. from one bank.

In 1871 Patriot (23,39) collected samples from the Loire River,
France, and found the relative sediment concentration at the surface,
mid-depth, and bottom to be 0.8, 1.0, and 1.1, respectively.

From 1874 to 1879 Major Allan Cunningham (11,23) collected sdmples
in the Ganges Canal, India, from nine verticals equally spaced. A tube
extended to the bottom collected a column of water represehting the full
depth of the canal. In computing sediment discharge, the mean con-
centration found in each vertical was multiplied by the mean velocity in
that vertical.

The U. S. Engineer Department gampled the South Pags of the Missis-
sippi (45,46,54) continuously from 1877 to 18398. At the middle of the
pass gamples were teken at O, 8, 16, and 24 ft. below the surface, and
near the bottom. About 150 ft. from each .shore, samples were taken at
gsurface, mid-depth, and near the bottom.

Extensive sampling of the Mississippl and Missourl Rivers (2%,54)
took place from 1879 to 188l at stations located at Carrollton, Louisiana;
Columbug, Kentucky; St. Lpuis and St Charles, Missouri; Grafton, Illinois;
Hannibal, Misgouri; Clayton, Iowa; Winona, Minnesota; and Prescott,

Wisconsin. Semples were collected at the surface, mid-depth, and 1 ft.
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above tho bottom in eight verticals equally speced across the stream.
McMath (23,36,54) collected aemplee daily at St. Louisr in 1879, in a
similar manner except that additional samples were collected at mid-depth
at a point near each bank where the total woter depth was 2 ft. During
the same period eemplee were taken (42,54) from the Mississippi River at
Helena, Arkansas, at the surface and 1 ft. above the bottom, from verti-
cals located at 1/4 and 5/4 width across the stream.

In 1889 and 1890 'the‘U. S. Geologicdl Survey (13) collected samples
from the Rio Grande at El Peso, Texad. ~ The samples were taken near the
Burface and bottom in verticals loceted et epproxlmately 20, 50 end 80
per cent of the atreem width. -Equal volumee of all the samples were com-
bined to determine thersedimentd diecherge. At irregular intervals from
1897 to 1905 depth-integreted samples were taken by the Internetional
Vater Commission end the . U. S. Geologicel Survey. 7 Theee eamplee were
takenuhy lowering an’ open bottle to, but.not touching, the bottom, nnd
then raising it at & uniform rate guch that tho, hottle would have just
filled upon reaching thc surface. It was coneidered thet equal amounts
of the sample‘ were collected from equel incremente of depth traversed.
Samples were taken at S—dey intervale by W. W. Follett of the U. S.
Geological Survey . from the- Rio.Grande at El1 Paeo, Texee,-fromleOS to
1910, and at Sen Mnrciel, New Mexico, from 1905 to 1912.. Fron that'time
until 1928 depth integrated eamples were taken by the Internetional Water
~ Commisslon at’ varioue points in the Rio Grande. e-" q
| Samples were taken at intervale of 1 to lO days, fron 1895 to 1897,
in the River Sutlej, Punjab, Indie (6 50) at each l 0 or l 5-ft. layer

from the surfece. Numeroue investigations were conducted on other rivere
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in India at about the same time.

8., Progress from 1900 to 1930--Camples collected by the U, S.

Department of Agriculture from the Brazos and Wichita Rivers in Texas (38)
from 1900 to 1902 were taken at the surface, near the bottom, and aﬁ,two
intermediate points of o gingle vertical. GSediment discharge was computed
from the mean of the concentrationg found at those points.

Semples were teken by E. M. Dowson (7} in 1905 and 1906 from the
Nile River above VWada Holfa, Egypt. The observations were made at 2-day
intervals at a depth of one meter in eight verticals, The eight samples
vere combined and the compozite wag assumed to be representative of the
mean in the river.

In 1906 and 1907 the U. S. Geologicar Survey.(49) conducted sediment
investigatione on a number of rivers in western United States. A single
sample was token deily at e point estimated wvisuelly +to represent the
mean concentration, with occasional supplementary somples taken from
different parts of. the cross section to determine local veriations.

Samples werc collected from the Kistna River In Madras, India, by
W. M. Ellis (7) at intervals during 1900 to 1909. The samples were taken
by thrusting an opon pipe vertically into the stream to collect a sample
extending the fuil depﬁh.

Gluschkoff (16, 29) collected samplos from - the Mufghab River,
Afghanistan, frbm 1907 to-1909 2t the surface, mid-depth, and near the
bottom of three vorticals located transversely at the middle and quarter-
points. The same method was used‘in investigations condﬁcﬁed by the U. S.
Bureau of Reclamation (19} in the Colorado River at Yuma, Arizonn, from

1909 to date. Semples were taken twice weekly during this period. No
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mention was made of the method of combining the samples to determine the
mean dally sediment concentration. From 1309 to 1917 the sediment dis-
charge wag determined by multiplying the arithmeotic mean percentage of
sediment during each month by the mean monthly water discharge. From
1917 to date the sediment discharge hnos been computed by weighting the
percentage of sediment found In each observation anccording to the water
discharge on that day.

The Indus River Commission, Indim (41), collected samples from 1911
to 1920. The river cross sectlion was divided into equal widths by four
verticals. A somple was taken ot mid-depth at cach end vertical, and at
surface, mid-depth, and bottom in the two middle verticals.

Investigations on rivers in Turkestan (17,29) in 1912 showed that
the mean sediment concentration occurred at points 1/5 of the width from
the banks and at 0.6 depth.

The waters of the Yangtze and Whengpoo Rivers in China (8) were
sempled daily from 1912 to 1922.  Samples were usually tzken in one verti-
cal at a depth of 20 ft.

Sediment measurements were conducted on the Irrawaddy River, Burma,
in 1914 by B. M, Saunderson (7). Daily samples were taken at the surface,
mid-depth, and near the bottom in each of eight verticals. Equal volumes
of tho eight surface samples were combined. Simllerly, composites of the
mid-depth and bottom semples were made up and analyzed.

The Neuquen River, Argentina (2), was sampled from 1915 to 1918 at
one point, 0.5 meter below the surface.

The U. S. Department of Agriculture (14) . collected samples twice

monthly from the Colorado River in 1917 and 1918.  Samples were token at
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the surface, mid-depth, and bottom of verticale located transversely at
the quarter and mid-points. If the stream depth was not more than 2-to
3 ft., only surface and bottom samples were teken and if the depth was
less than 2 ft, only a mid-depth sample was collected.

Samples. were collected from the Nile River (5) in Egypt from 1918 to
1921, evldently for research purposes, at intervals of one meter in: the
vertical, the total depth of water being approximately 10 meters. The
horizontal distribution of gampling points was not mentioned' in the
reference reviewed.

The U. S: Geological Survey has collected samples from the Colorado
River and its tributaries from 1925 to the present time. The work of the
first three years on the main Colorado River has been published (R5). 1In
the sarly work, samples were taken at polnts about 1.5 ft. obove the bottom
of the river and about 1 ft. below the suriance in addition to depth-
integrated samples. The depth-integrated samples were used to compute
sediment discharge unless they appeared erratic. 1In such cases, the
average of the concentrations in the surfoce and bottom camples was-usged.
Since 1928 most of the samples collected in the Colorado River and its
tributaries hove been of the depth-integrated type. A sampler wag used
which permitted lowering the bottle to the bottom with the bottle closed.
The stopper was removed Trom the bottle and the bottle then pulled to the
gurface at a uniform rate -so that it was not quite full when it reached
the surface.. At certaln periods of the year, at the Grand Canyon gaging
stnfion and, under certain conditions; at other stations, the. depth was
not sufficient +to warrant the use of the -stopper pulling device so that

the bottle was lowered and raised with the:-stopper .removed, the rate of



Section 8 30

lowering and reising being such es to bring the bottle to the surface not
quite full.

The U. S. Department of Agriculture (12), in collecting samples from
Texes streams from 1824 to 1830, assumed the concentration at 0.6 depth
to represent the mean in a verticel and the average at 1/6, 1/2, snd 5/6
width to represent the mean for the cross section. The selection of
these points was based on a seriegs of more complete determinations of
sediment concentration and disgcharge of the Brazos River, Texmas. Values
of sediment discharpe determined by samples teken at these points, when
compared to the more accurately determined falues, wers found to be within
the limits of error considered permissible in measuring water discharge.

From 1928 to date, samples have been tsken by the U. S. Geological
Survey in cooperation with the International Water Commission (R7) from
the Rio Grande at Eagle Pass, Texas. Surface samples were taken daily at
1/6, 1/2, and 5/6 width, and equal volumes were combined to obtain a com-
posite sample apsumed to represent the mean of the cross section. Earlier
experiments by the U. S. Department of Agriculture showed that surface
samples represented 0.91 of the mean suspended sediment concentraticn in
the vertical within reasonable limlts of accuracy. This factor was used
in this investigaticn. Depth Integrated samples were taken daily at San
Marcial, New Mexico, by the same organizatlons. Recently, to eliminate
daily analysis of samples in these investigations, portions of each daily
gample have been combined and the eanalysis of composite samples are
made at the end of a given period. The volume of sach daily sample
to be combined is proportional to the water discharge for the day on

which it was collected. Jakuschoff (29) states that this method of
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combination of samples has been used in Europe.

9. Progress during the last‘decadeefThez U. S. Engineer ‘Depgrtmént:

(55) collected numerous samples from the lpwerAMiaSissipni‘hndlits‘tribu— ‘
taries in 1930 and 1951. Samples were generally taken about threo times.
each week at tﬁe-sﬁrfacé,‘midhdepth,_and~néar the bottom iﬁ:eﬁch of eight
verticals. From the average of thousands of water discharge measurements.
taken previ6usly in the Mississippi River, it was fdund that tﬁe upper

1/4, the middle 1/2, and the lower 1/4 of & given cross section carried
27.2,‘51§2;‘and,21,6-par cent, respectively, of the total water discharge.

:Hegce; weights of 1, 2, and 1 were applied to values 6f”su5pended.aediment‘
concentration ‘observed &t the .surface; mid-depth, and bottQm layers,
respectively.

The Migsouri. River Division of the U.S. Engineer Department collected-

_samples from the Migsouri River- and tributaries in 1929 and 1930, under:
tﬁé‘directipn "of Dr. L. G. Straub. At the main‘stdtions,i.égmplés“were
- token at 0,2 and 0.8 depths with weights of 5 and 3, respectively,

applied to the ‘sediment concentration observed at those depths to obtain
V'the’méan 'in the vertical., Verticals were chosen at uniform intervals

transverselj-with a.minimum diétance between.them‘of.4ift.f_andfajmakimum
of 15Q‘ft.. -Af minor stations: Singleasﬁrfaée samples Weré taken qt miqe

‘stream and. coefficient of 1.1 to 1.2 was applied to obtain the mean. The
chqice of paintéwiq“the vertical andhthé;coefficienta‘to‘bé'applied weré
based;bh1rationél derivation by Dr. Straub,  varified by experimentation
(50), a8 explained in Section 19.

‘Dgily samples ‘were tgkeﬁxnbyﬂthe‘fSﬁg;Paulf.U.;S.iEngineer;Diﬁtrictz

(5s)ffrom the'upper‘Mihéiésipbi~andﬁiﬁsgtfibﬁtgr¢es duriﬁ31193051953.7fAt
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most of the gtationa siﬁgle sqrface samples 3&5#§  taken and the obaerved
concentrations were ﬁultiplied by o coéfficiéntay'Thelcoofficient of 1.15
wﬁs used for all rivers 'éxcept the Chippewa River, where 5.0 was found
necessary, and the'Black and Wisconsin Rivers, where 1.4 waa*npplisd. The
coafficients‘ﬁere determined by occasional precise meaauremenﬁé, in which -
samples were taken at a depth of 1 ft., at 0.2, 0.6, and 0.8 depth, and
1 ft. above the bottom. At same of the moregimportunt'stationa the Straub
method was used,

For sevetal years" prior to 1954} gamples werec col;ecta&fduily from
the Indus River in,Ihdia“(SO)g-‘_Snmplen.weré-tnken-.ntfthﬁ surface, mid-
depth, and bottom,of.four‘verticala.-

On the basis of oxperiments an the Po River;-Ithly, in 1930 and 1932,
Giandotti (15,57) found‘tnat samples tnkeﬁ.gt~mid—depth gafa errors .rang-
ing from .6 per cent ‘at high gage heiéhts”*tb l4”pef-caﬁt at low gange
heights. Daily aamples ‘were collactod from the Po at Y point one meter
below the surfoce in threa verticals locatad near each bank and near mid-
stroan, |

| Hjulstromitaaj directed investigations on the Fyris River in Swoden
Lrom 1929 to'1954;jcwhere”diﬁgleasampias Weré”taken,daiiylin;midstream at
la depth of 1;5 météﬁs;r ‘The[rnngg.of dﬁpth;-of‘thé river at the sampling
. point was nppurentiyffrOm;éftg‘755fmsﬁers; Frbmﬁpfbéedinz.inveétigations,
wﬁefein Samplea were taken' htfeii‘pdints"1n'édch7of5ﬁine"vefticala, it
was found that a coefflcient of l 15 could be npplied to the sediment
concentration o1 tha single sample to obtain the mean conoantrution for
the river. |

From 1930 tof1952;“7in7théfﬁdmrao'¢aﬁai System (21), Bombey, Indie,
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a single sample at 0.6 depth was taken as being representative of the
gsediment concentration of the entire canal,

Samples were taken by engineers of the Soviet Union in 1932 from
the Boz-Su Irrigation Canal near Tashkent, Central Asia (28) din three
main verticals located at 1/4, 1/2, and 3/4 width, and in two side verti-
cals. In the main verticals sampling points were chosen at 0.2, 0.6, and
0.8 depth and near the bottom while at the side verticals only the 0.6
depth was sampled.

The Philadelphia U. S. Engineer District conducted extensive investi-
gations during 1931-1934. On the lower Delaware and Christiana Rivers,
samples were taken at 5-ft. intervals vertically and at 15-min. time in-
tervals during ebb and flood tides. From the upland portion of the
Schuykill River samples were tzken at 0.6 depth in a single vertical
located at the point of deepest water. Thesc samples were taken at
30-min. intervals during a period of one week at each station on the
rifer.

In 1937 the St. Paul U. S. Engineer District (52) used a method of
sampling deweloped by Mr. J. P. Luby of that office. The samples were
taken at points apaced verticall& in such & manner that each sample
represented a proportional part of the total discharge in the vertical.
This method of spacing the points will Be described in Section 20, TFive
points in each vertical were chosen by Mr. Luby for investigations on
the upper Mississippi River and its tributariss. -The points at which the
samples were to .be taken were determined by this method to be 8.7, 26,

44, 63, and 87 per cent of the total depth. From three to nine verticals

were usually chosen.
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The Vicksburg U. S. Engineer District (56) collected samples from
the Mississippi River in 1937 and 1938 et irregular intervals for research
purposes. Points were chosen at 0.2, 0.4, 0.6, and 0.8 depth, at the
bottom and at a distance of 1, 2, and 4 ft-from the bottom. Verticals
were located by the party chief with ¢tonsideration of the variation in
the channel cross section and velocities.

Samples for rescarch purposes were collected from the Mississippil
River at Chester, Illinois, in 1938 by the St. Louis Division of the U. S.
Engineer Department. Samples and velocity meansurements were ‘token
simultaneously at 0.1, 0.3, 0.5, 0.7, and 0.0 depth in each of seven
verticals., This method of measurement will Dbe described further in
Section 18. The sanc method was used DLy the First New Orleans District
of the U. S. Engincer Department in 1938, in the passes near the mouth of
the river with six to cight verticals of eight to twelve points each.

The Providence U. S. Engineer District collected samples from the
Connecticut River in 1938. Depth-integrated samples were token at the
upper and lower ends of 31 bars. At {ive other stations on the river,
samples were taken twice daily, at the surface, mid-depth, and near the

bottom of verticals located at the 1/4, 1/2, and 3/4 width.

10. Pregent practice in sampling suspended sediment--Since 1934 the

Tennessee Valley Authority has conducted correlated investigations of
sediment discharge at numerous stations in the Tennessee River.  Samples
vere taken at the surface, mid-depth, and near the bottom of verticals
estimated to be at the middle of sections of equal discharge. The number
of verticals chosen Ly the field engineer depqnded upon the size, stage,’

and sediment distribution of the stream. Samples were snalyzed individually
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for sediment concentration, and 1in computing the meen, the mid-depth
concentration was given double weight. Under ordinary conditions samples
are toekon weekly but during freshets ‘and flooas they are taken at 4 o
12 hr. intervals on the rise and at 12 to 48-hr. intervals after the peak.

The practice oflthe U. S. Bureau of Reclamation in taking samples
from the Colorado River in Arizona is to sﬁmple'at surface, mid-depth,
and bottom in oach of three or four verticals. The verticals are chosen
ot points estimated to be the mid-points of sections of equal‘discharge.

The International Water Commission takes surfacé‘samples in the Rio
Grande at Iagle Pass, Texas, at 1/6, 1/2, and 5/6 width, appiying a
coefficieﬁt of 1.1 to the sediment concentration . indicated by the mean.
At San Marcial, New Mexico, depth-integrated samples are tcken by this
organization.

The present practice of the U. 8. GcologicaIVSurvey (9) 1is to take
depth-integrated samples for routine observations. Point samples are
sometiﬁes taken for specicl investigations.

The Forest Service of the U. 5. Department. of Agriculture conducts
investigations on seven rivers in lorth Carolina and Tennessee., Samples,
including one at the bottom; are taken at several points in each of
several vertlcals. The rumber of points and frequency of sampling depends
upon the stage.

The present practice on the Tarkio Soll Conservation Service Project
is to take depth-integrated samples in three verticals except for high
stages, when more vefticdls ﬁre chosen. Daily samples ore taken for
moderate flows of less than 10 c.f.s. ' unlegs there is considerable

fluctuation in the water discharge or sediment concentration. During
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rapidly -hanging stages hourly samples are recommended.

Sampleg are taken &t present in the Punjab, India (51), from a single
peint in midsfraam located at 0.6 depth. Previous measurements in which
samples ﬁere taken at each 10 per cent of the dopth have indicatoed that
the metn concentration in the vertical occurs at 0.6 depth.

Present practice of the Irrigation Department, Union of South Africa,
ig to collect o single sample from a point 1.0 to 1.5 ft. below the wator
surface which is assumed to be repreosontative of the cross section.
Samples are usually taken once or twice daily by rosident observers.

The Little Rock U. S. Engineer District is conducting investigations
on numeroug rivers in Oklahoma, Kansas, Colorado, Arkansaa,VMissouri, and
northorn Toxas. Dally surface samples are collected by reslident observers
at some of the stations. These are collected at midstream, if the stream
is less than 100 ft. wide, and at 1/6, 1/2, and 5/6 width if it is wider
than 100 ft. At most of the stations, samples are taken only at the time
of a diécharge measurement, which is made generally once o week. Samples
are taken at 0.6 dopth at 1/8, 1/2, and 5/6 width. TFor intermediate and
high stages, somples aro taken at three pointe in the three verticals.

Samples are collected in the Fort Peck U. S. Engineer District using
the Luby method with five points in verticals located at 1/4, 1/2, and
3/4 width., During low flows samples are taken at only the 0.2, 0.6, and
0.8 depth in the three verticals. 1In both methods two samples are taken
8t each point and all the samples are combined for analysis. Measurements
arc made dally during the spring high water and weekly throughout the
remainder of the year, except during tho winter months when the obsorva-

tione are discontinued.
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In the Omahs U. S. Engineer District resident observers collect
surfaée samples weekly from midstream., Samples are taken more often dur-
ing rapidly changing stages and when a noticeable change in sediment con-
centration occurs. In addition, semples are taken at three to five points
in the vertical each wéek. The samples are combined for analysis and the
results are compared with the surface concentration to compute sediment
discharge from the single surface sample.

Depth-integrated samples are collected by the Rock Island U. S.
Engineer District, resident observers being employed for some of the work.
Several verticals are generally selscted and arc spaced so as to be repre-
sentative of equal volumes of flow. All samples are combined in equal
volume to form a gingle composite sample for analysis. In the future, in
some cases, & single vertical will be sampled and itg relation to the
entire stream determined by occasional composite samples.

The South Atlantic Division of the U, 8. Engineer Department collects
samples in the Savannah River.‘and in Savannoh Harbor. In the river,
samples are taken daily at the surface, mid-depth, and bottom. In the
harbor, samples are collecied at the same points at high tide, 1/4, 1/2,
and 8/ ebb, and at low tide. '

The Great Lakes Division of the U. S. Engineér'Department is con-
templating sampling along the shoreline of Lake Erie. Samples will be
taken at 0.5-ft. intervals vertically and at lo;ft. intervals horizontally
with a -small sampler, and at 500-ft. intervals with a larger sampler.

The Vicksburg U. S. Engineer District collects samples on nine triou-
“taries of the lower Mississippi River. OSamples are taken weekly and more
of'ten- during rapidly changing stages. One to four samples are taken in

each of four to seven wverticals.
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The Scuth Pacific Division of the U. S. Engineer Department collects
samples from the American and Yuma Rivers and from San Francisco Bay.

Samples are collected in the rivers about three times each week.

1l., Brief spummary of the history of field practice--A condensed

summary of the preceding data, showing the historical development of
field practice in sampling suspended sediment in streams, is presented in
Table 1, giving for each investigation, the date, tho river and location,
the name of the investigator, and the roference to the source of the in-
formatlon. The frequency of sampling, the type of sampler, the. location
of the verticals sampled, the location of sampling points in the vertical,
tho coefficlent used, if any, and the basls for selecting the coefficient
are also given.

Although much practical lmowledge of sediment was no doubt obtained
by the Chinese and Egyptians at an early date, as far as our knowledge of
sediment sampling metnods 1s concermed, +the history goes back not more
than a century and a third, and no informatlon seems to have been handed
down from the earlier civillzations. The first samplings of which records
aro available were taken by Gorsse aﬁd Subuors on the Rhone River in
France in 1808 and 1809, and the first known computations of the amount
of sediment carried by a stream over a period of years was made by
Baumgarten on the Garonne Rlver in‘France, from 1859 to 1846. Although
the pbasibility that surface gamples might have a lesser concentration
than the average in the stream was discussed as early as 1833, no record
of routine measurements other than surface samples has been found prior
to those teken by Forshey in the Mississippi at Carrollton, Louisiana,

in 1851, These measurements are also the first recorded where observations
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were taken in more than one vertiecal. In this case the verticals were

token in midstream and near each bank. The oldest record found of &
quantitative method of locating verticals, otheﬁ than 2t the center, is
thatluséd 'by Gluschkoff on fhe.Murghub River in Afghenistan in 1907,
where verticals werc plucéd at the 1/4, 1/2, and 3/4 width across the
stream, or ‘at cqual distances apart. Since that time the practice of
placing the verticais at eqﬁal,dist:nces apart has been followed in many
cases where three or more verticals were used. The use of the’l/e, 1/2,
end 5/6 width, the centers of three parts of equal width, seems to have
been made rirst by the U. S. Department of Agriculture in 1924 in Texas
streams. In 1954_the Tenneéseé Velley Authority, in attempting te place
their sampling on a more rational basis; seledted_viéually the verticals
to be sampled at thc-cénters of widths representing ,eQuai discharge.
A quantitative method -of locating the verticals to represent.equal'dié—
charges is presented in Section 14 of this fepqrt.

Forshej, in making observations‘at Carrollton in 1851,..previously

mentioned ﬁs‘the first +to toke more than one point in the wvertical,

pampled at the surface, mid-depth, and bottom, wsing the average of the.

three concentrations as-the mean.  Thevmore accurate method of giving
twice the welght to the mid-depth réadinglﬁppears to be & recent develop-
ment, theffirst recérdffouﬁd being that of the U. S. Engineer-Department
sampling in . the Mississippi 1n 1930. The following ysar Torshey used
surface measurements at Carrollton .and applied 2 coefficient of 1.2 to
obtain the average sediment concentration. This is. the earliest case
found where such a coofficient was used. Taking samples at 0.6 depth

‘without applying a coefficient has beén a common practice since 1912 wher
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it was apparently first used-in rivers in Turkestan. A rational analysis
for determining the position of sampling points in the vertical seems to
have been made first by Straub, in 1929 and 1930, when he derived methods
appliceble to both straight-line and curvilinear sédiment distributions.
In the former case observations were made at 0.2 and 0.8 depth with
welghts of 5 and 3 applied, respectively. Another rational method was
developed by Luby 1n 1937 which is applicable to any vertical distribu-
tion of sediment, but requires samples =&t a number of points in the
vertlical.

A depth-integrated sample seems to have been used first in 1874,
when Cunningham mode observations in the Ganges Canal in India, wusing a
plpe which collected a column of water extendlng from the bottom of the
stream to tho surface. Depth-integration, =accomplished by means of o
sampler moving between the surface and the bottom and taking in a part of
the sample from each depth, seems to have been used first in 1897 by the
U. 8. Geological Survey in the Rio Grande River,

From the foregoing discussion it wil].be seen that a gradual develop-
ment of the fleld practice of taking suspended sediment samples has taken
place, from the simplest methods in the early years to the more complex
but more accurate techniques in redent times. However, 1n this field
the primitiv;’ methods have persisted along with the new to a larger
extent than in most scientific fields, and cases of the earliest practices
| are s8till found in use =at the present time. The newly developed theory
of turbulence, as related to the sediment distribution in a stream, has
apparently navegﬁbeén applied to the selection of sampling points. The

turbulenqqéfheory appears to be the fundamental basis of the transportation

7
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of sediment, and, undoubtedly, marked progress in the knowledge of the
‘subject will be made as the fundamental.principles are applied to the

golution of the problem of sediment transbortution by streams.
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III. LOCATION OF VERTICAL SAMPLING STATIONS

12. Transverse distribution of sediment--~The number and locations
of vertical sampling stations 1n a stream cross section are generzlly of
less importance in a sampling program than either the lecation of sempling -
points in the individual wverticals or the frequency of sampling.  That
the selection of verticals is not as importent as the selection of sampling
points in each vertical is readily evident upon study of the data presented
in Tables 2 and 3. Table 3, and the discussion in Section 15, indicate
that the sediment distribution in any stream can vary over a wide range

from the surface to the bottom. On the other hend, the data in Table 2

TABLE 2

TRANSVERSE DISTRIBUTION OF SUSPENDED SEDIMENT
IN VARIQOUS RIVERS

Investigator 'Concentragionin per_cent of mean
River and location | and refer- | Date _Per cent-of width from one bank
ence number 20| £5]-40| 50| 60| 75] 80
Kuban, S.E. Russia |Gontcharoff | --—- 90] --| 95| 98| 106 --| 110
‘ (18,29) !
Syr~Darya, Turkestan Jak?sc?off~ 1918 --|113 (17! —-| 106| 85| --
- 29
Fyris, Sweden Hju%st§om - 96 096|100 © 104 | 102|100 | 104
22 , :
Black, Black Rock, |M.R.C. (55) |1930-31' --|105| —- 104 | --: 91| --
Arkansas ‘ . |
Arkensas, Tulse, f " el | 94| -11028 --104| --
Oklahomu : ;
Arkansas, Ozark " " oM -—|10R| - 10R; —-} 95| --
Arkansas Co i j
Cimfarron, Guthrie, " " et . 98] - 97’ 1104 --
_Oklahoma ! |
|Verdigris, Okay, " " v 1104 --| 99 -~| 98| --
QOklahoma , !
Grand, Waggoner, " " "o~ 121 | 98, —| 92| --
. Oklahoma : _ !
South Canadian, n " mon el 99 - | 109 —=1 92| -—-
Calvin, Oklahoma . |
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show only a slight variation in sediment concentration across any given
stream. Only one river, the Syra-Darys in Turkestan, showed a varistion
thet probably would have affected the results appreciably if a suffigient
number of verticals had not been used. However, due to the meager data
presented, and the lack of odrrelation  with velocity or discharge, the

quantitative effeets of the variations given are etill unknown.

.13.. Methods used in locating vertical sampling atationg--Deterﬁi-

nation of the number and locations .of véerticals to be sampled should be

gofernéd by the degree of acouracy required in the investigation, by the
.size, shﬁpe, and charscteristics of the‘streém, and by the sediment load
being carried at the time of sampling relative to the total yearly or
other'periodic load.‘ 0f these faotors, the size of the stream and the
accuraoy.“des‘ired are probably of greatest importance. The field technique
used in any Qedimont investigation will naturally be dependent upon the
relative importance pf these factors. However, the basic criterion for a
rational‘éampling techmique is that the uvertipals-ahould,be located, or
their méan .obncentrations‘woighted,with respect +to0 the trensverse dipg-
tribution of patream discharge. That 1s, the verfioals should either
‘répresent'equal parts of the tptal water QIEcharge or the value of mean
conbentration observed in éaéh‘ vertical should be weighted in proportion
‘to:fhe perceﬁtage of water discharge which-it does represent.

" The following methods of seleoting the ve:tioalsg‘of- locating the
sampling points across a stresm, have been used in several typloal and .
#mportant'eediment 1nvéstigations: ,

| 53 Single vertical at midstream.

b, Single vertical at thalweg or point of greatest depth. ;‘
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Verticals &t 1/4, 1/2 and 3/4 width.

o
L

d. Verticals at 1/6, 1/2, and 5/6 width.

Four or more verticals equally cpaced across the gstream.

o

£+ Verticals at middles of sections of equa. discharge.

Obviously, the simplest of the sbove practices is the selection of a
single vertical et midstream or at the point of grestest depth. Of these
two methods, the latter is preferable becsuse, generally, the greatest
percentage of discharge occurs at the point of maximum depth. However,
the use of only one verticdl should be limited to very small streams or
to certain types of routine sampling.

Three vertigals located at 1/4, 1/2, and 5/4-width in & stream cross.
section are widely used, & method which gives more informztion concerning
the distribution of sediment_and, naturally, a more accurzte representa-
tion of sediment disqharge than does a'single vertical. This practice is
popular, no doubt, because it is convenient and practicable to use in the
field, particularly by unskilled resident observers.

Sampling verticals located at 1/6, 1/2, and 5/6 of the stream width
hove been used by a few investigators.'This method of locating  the
verticals has, in theory, & rational justification when used in a wide
stream, of uniform depth and uniformly distributed velocity, in ‘which
case the verticals are at the middles of three sections of equal dis-
charge. However, the occurrence of such conditions of stream flow would
be unusual; in most streams the choice of verticals at the guarter-points
would be more. reascnable. In general, the ‘selection of verticals at 1/6,
1/2, and 5/6 width should be made only after their applicability to the

stream to be sampled has been verified by determination of the velocity
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distribution and the shape of the cross section.

In important investigations it has been common practice to gelect a
relatively large number of verticals at equal intervals aéross the stream.
This method will give & good indication of the distribution of sediment
acrogs the stream, but it is rational only when the mean concentration for
each vertlcal 1s weighted with respect to the stream discharge in the
section represented by the vertical. Unless the results are weighted in
this manner they will be unreliable as anindication of the total quantity
of sediment carried by the stream.

The selection of verticals so that each represents an equal portion
of stream discharge is another rational practice., In the field, however,
this method is usually only approximated., The sections of equal discharge
are determined - by visual inspection, substantiated, in some casges, by
previous discharge measurements, and the wverticals are located at their
middles. This general method has a rational basis but the accuracy of
its application depends Ilargely upon ‘the judgment of the o¢bserver in
dividing the stream cross section.

In small streams, and in larger streams where long-perioed routine
investigations are being made, a direct application of the method of
selecting verticals so that all of them represent equal quantities of
discharge, can be simplified somewhat. If only one vertical is to be
sampled it should bhe selected so as to represent the greatest portion of
the stream discharge. If two verticals are used the cross section should
be divided inte two areas of equal discharge with the vertical to be
gampled located, not at the center of the area, but rather at the imagi-

nary linedividing it again into two smaller areas of equal discharge. The
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location of three or more verticals would be done in a similar manner.
When the number of verticals becomes large relative to the width of the
stream, the approximations introduce negligible error and sach area can
be sampled at its exact middls.

The application of elther of these rational methods; namely, egually

spaced verticals with concentrations welghted according to discharge, or
verticals cspaced so that they represent squal parts of the discharge, re-

quires a knowledge of the distribution of discharge in the stream cross
section at the ‘sampling station. The results obtained with verticals
located at the middles of sectionsg of equal discharge are, probably, more
reliable and accurate than those obtained from the weighted concentmtions
observed at equally spaced verticals. Howewver, the value of the results,
in any case, depends upon the thoroughnéss and accuracy of previous in-
vestigations. The selections of one or the other of these two rational
practices for any particular location shouldte'based upon the indications
of previous data, the characteristicsof the stream, the type of obsgerver,

and the type of investigation under consideration.

14, Lane method of selecting vertical sampling stations--Apractical
application of the rational method of gelecting verticals that will rep-
resent equal portions of stréam discharge has been developed by Professor
E. W. Lane of the Iowa Institute of Hydraulic Research. Baped on thé
principle of the Luby method far selecting sampling points in the vertical,
this method allows an accurate determination of the location of the ver-
ticals g¢ that each will represent an equal portion of disch&rge-when
reljable data concerning thé distribution of the discharge at the sampling

section, for all stages of the stream, are available.
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The Lane method of selecting verticals has been developed for the
cableway measuring sectlon in the Iowa River at lowa City, a stream gaging
station operated regularly by the U. S. Geological Survey. Fig. 1 shows
the discharge distribution across the section for varying stages and the
cymulative dlscharge up to any point in per cent of the total discharge.
The curves were constructed by plotting data from individual diécharge‘
measurements as shown in Fig. 2. Starting at the water's edge, the cumu-
lative discharge to any point, in per cent of the total discharge for the
measurement, was plotted with respect to gage helght andrdistance to the
point. The plotted points were connected bya smooth curve. The distances
to points of equal increments of discharge, that is, 5, 10, 15 per cent,
etc;, were determined by graphical interpolation and plotted with respect
to per cent of discharge as shown in Fig. 1. This process was repeated
for a sufficient number of discharge measurements to cover - the desired
range in stage. OSmooth curves or contours representihg percentages of
discharge for all stages were then constructed.

In Fig. 3 the percentages of discharge are plotted as ordinates ﬁﬁd
the distances to points of observation as absclssas for various stages of
the river. These curves may alsc be plotted by interpolatidn §f the data
given in Fig. 2.

The verticals tobe sampled can be located by using the data shown in
Table 5 and either Fig. 1 or Fig. 3. Assuming the stage to be 4.0 ft.
and that samples &are desi;ed from six'verticals, Table 5 indicates that
theémean discharges for six sampling points are 8, 25, 42, 58, 75, and 92
pericent. Referring to the curves for these percentagés ‘and a gage height

of 4.0 ft.inFig. 1orFig. 3, the distences from the reference station at
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Fig. 2
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which samples should be taken are found to be 92, 114, 134, 167, 180, and
215 ft., respectively.

This method 1s réadily applicable +to gaging stations at which sedi-
ment samples and discharge measurements are taken regularly. - The curyes,
which may be constructed from previoues discharge measurements, can be
used in the fieid to locate the sampling points. Determination of the
river stage 1s the 6nly other observation that is necessary. The curves
may need adjustment if major changes 4n the river cross section take
place. However, with only minor -changes they will remain accurate within
reasonable limits.

If samples which are representative of the sediment distribution in
the vertical are taken at polnts spaced transversely by the method . de-
scribed, they will be representative:of equel discharges. Furthermove, .if
the samples in the verticals are of equal volume, they may be. combined to
form a composite semple which will give the mean sediment concentration
for the total water discharge. If either the Luby or the depth-integration
method is used for selecting sampling points in the verticais and the same
nunber of equal volume samples are teken in each vertical, all the samples
in the cross section‘may be combined to form a composite sample whibh
will be - represéntative, not‘ohly of the average sediment concentfation,

but also of the average size distribution of the sediment load.
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1V, SELECTION OF SAMPLING POINTS IN A VERTICAL

15. —Sediﬁgﬁf digﬁfibﬁtidn,in a vertiéalf;fhe varietion of sediment
cbndentratibn'from the Surface’to'the bottom of & stream is, in gemeral,
considerably greater than that across the stream, as was pointed out in
Section 12 and shoﬁn By Tables 2 and 3. The latter table gives the ratios
of'sediment;cOncentrdtipns at mid-depth and at the boftpm, té that at the
surface, as determined in a la:ge‘number of investigations. Each ratio
represénts the‘mean;valuewxfa number‘of.observations.r The extreme ratios
for each series of dﬁﬁé.are‘given tp show the variation at a single loca-
tion, ‘In most casel “ghe concéntratidn waé foundﬁtobe higher at mid-depth
‘than_at the surfdace, and also higher at the botfom then at mid-depth, in-
dicating'an_increésé in concentrdtion' with depth. This was indicated
also by the resuité obtained from samples taken at 0.2, 0.4, 0.6, and 0.8
depths and*ﬁth £t. above the béd,'as'shown]near the bottom of the table.,
Most of:the”ratiosfof.mid—depth_t0'surface concéntration fall between 1.0
and 1.4, ‘aﬁdlpf _56£tom to surface concentration, between 1.1 and 1.5.
The limiting ratios given in the table represent the highest and lowest
"ratios obuerved in any vertice.l at tha.t location for any single set of

surface, mld depth and bottom readlnés.‘ The spread of these ratios at
all stations indicates a wide variation of- the sediment content at any
‘ point'from that of ﬁhe mean fdr‘the Stream. .:Some of the extreme varia-
tions in sediment distribution indicated in the teble are probably due to
! "erfOré‘iﬁ'samblihg,.‘analysis,'or computation,-ana no means is available

for determining to what extent the variations are due to errors and to
7—ﬁﬁéﬁ‘éxtent._tormomentary flﬁctuation-in.¢oncéntrétion. It is believed,

fhdweveﬁ;rthat the latterisa véry'important factor. In .order to indicate
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the varlabillty of values better than is“possibie by a comperison of the
extremes, where enough data was available, the standard deviation was
computed. From the data shown in Table 3 1t is evident that, if‘accuraéy
is to be attained in determining the‘sediment discharge of a stream, con-.
sideration must be given to the vertical distribution of the sediment and
the sampling .points ih the verticals must be selected 6n a scieﬁtific

basis.

16, Methods of selecting sampling points in a yvertlcal--The ‘purpose
of sampling at more than one point in a vertical 1s usually to secure
gamples from whichto determine the magnltude of the sediment load ca¥ried
in a unit width of the stream In a unit of time, and, in some cases,lto 2
determine the particle size -composition. ‘As'previOUSly shbwn, the sedi-
ment concentration usually increases from the surface to the bottom of a
stream. It is well known also that the velocity in.a vertical decfeases
from the surface to the bottomand, conséquently,;more water passes through

‘& unit area of cross section mnear the surface than at- the bottom, . Any
sclentific method of sampling must take into account both the variation
of sediment concentration and ‘thé variation in véloéifyfgt‘a‘ vertiéél
: . i}
which ig to be sampled. | !

. Recent Btudiés of turbu;enéé‘ in flowing water have thrown a great
deal of light on tﬁe veftiéal distribution of sedimént in streams. The
turbulence‘thedfy‘iﬁdiéates that. thére'is a tendency for sediment of all -
sizes.to_bé- moref@onceﬁtrated " near the bottom of a stream thahl'at the
surface. In the case of the very fine particle sizes, thls variation is
slight, Lu% Tor theilargerfsizés-the §ariation is considerabla. A llnear .

diatribdtion ﬂay be assumed for the small sizes with sufficient accuracy,
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but the distribution of coarser material is a varisble +fTunction of the
depth, the concentration increasing rapidly as the bottom is approached.

Variations in thé vertical distribution of sediment have been taken
inte aécount in certain investigations in either of the following ways:

&a. by taking samples at enough points to establish the
vertical variation with the required degree of accuracy,

b. by applying correction factors, based on previous ob-
servations, to samples taken at definite locations, and

¢+ by taking samples which integrate the concentrction
throughout the depth.

Velocity variations in the vertical have been given proper weight either
Ly taking samples representing equal volumes of discharge or by taking
samples representing known volumes of discharge.

The accuracy of the methods wused in investigations in the post has
varied greatly. In some cases the procedure was based on a thorough con-
gideration of the principles invelved, while in other caces the methods
were selected in a manner quite arbitrary, generally with a #iew to con-
venience in sampling or to é&mplifying the rules necessary to secure
uniformity of practice.

In the following discussion the different methods used have been
clasgified as arbitrary, empirical, or rational. The arbitrary methods
are those in which fixed points in the verticals are chosen for sampling,
generally on account of greater convenience. Empirical methods are those
where the peoints chosen, or the coefficients applied, are hased on pre-
vious, more exact measurements. Rational methods are those which are
based upon an analysis of the principles involved, usually using simplify-
ing assumptions. It is not possible to draw up a rigid clagsification as

there are many border line cases.



61 Section 17

17. Arbitrery and empirical methods--In past investigations " the
sampling points in a vertical have been selected arbitrarily, in general,
for convenience, and because less training on the part of the observer
wag required. The arbitrary or empirical sampling methoeds whilch have
been 1n most common use are described brlefly as follows:

&+ a single sample taken at the surface with or without
coefficient applied,

b. a single sample taken at 0.6 depth,

c. samples taken at the surface and bottom with equal
weights appllied to the concentration observed,

d. samples taken at the surface, mid-depth, and bottom,
wlth equal welghts applied, and

e. sgamples taken at surface, mid-depth, and bottom with
welghts of 1, 2, and 1, respectively, applied.

The advantages of the single surface sample method are, obviously,
its simplicity and 1ts suitability for use by unskilled observers. How-
ever, inorder to make this an empirical method, it will first'bé-necessary

to obtaln considerable data on the sediment load carrled by the stream

from which to derive the coefficlents. Even then, total concentrations
based upon these coefficlents would be questlonable. For size analysis
this 1s the least dependable of all methods, since the larger particles
are generally not present near the surface of a stream.

The method which involves taking only cne sample in the vertlcal at
0.6 depth has been found satisfactoryv in rivers of Texag, India, and
. Turkestan. It cannot necessarily be considered reliable or accurate for
determining either total concentration or particle size, but 1t 1s un-
doubtedly better than if only surface samples are taken. A practical
disaedvantage 1s that sampling at a fractional depth may present difficul-

ties to an unsgkllled observer.
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Recent studies of turbulence and sediment distribution have demon-
strated that the distance from the bottom of a stream +to the point of
average sediment concentration in a vertical varies inversely with the
size of the suspended material. Therefore, it cannot be assumed that a
rgiven proportion of the depth will give the average concentration in all.
streams, and, inmany cases, not even at a single station in an indifidual
stream, since the size of sediment carried may differ at that station
from time to time.

The method which involves taking 'two samples in each vertical, at
the surfece and bottom, has a practical advantage in being suitable to
unskilled chservers. When the two samples are given equal weight in the
average sediment determination, this method is considered,inaccurdte for
evaluating either total concentration of sediment or partiecle size. It
is strictly an arbltrary method, without empirical or rational justifi-
cation.

Sampling at the surface, mid-depth and bottom, using equal weights
at the three peoints, is an arbitrary method but one that has been used
extensively. The accuracy of this method hag been studied by Dr, L. G.
Straub and his findings are discussed in Section 19. This "three-point"
method is undoubtedly more accurate than surface or surface and bottom
sampling. In recent years it has become common practice to give double
welght to the concentration indicated by the mid-depth sample. This
practice is based on the aSsumption that the average of the surface and
mid-depth samples represents the upper half of the discharge in the ver-
tical and the average of the mid-depth and bottom samples reprecents the

lower half. A number of observers have found that weights of 1, 2, and 1
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are approximately proportional to the rate of water discharge in the
respective sactlons of the vertical. For example, it was found from many
measurements in the Mississippi River (55) that the upper 1/4, middle 1/2,
and bottom 1/4 of a vertical carried 27.2, 51.2, and 1.6 per tent of the
watér discharge, respectively. Samplingat surface, mid-depth, and bottom
is a relatively simple methad to use, and can be performed fairly easily

by dependable, although inexperienced, observers.

18. The precise method--The precise method of sampling ih a vertical

involves collection of a relatively large number of point sediment samples
simultaneously with velocity measurements. Sufficient data are collected
to construct accurate vertical wvelocity and sediment distribution curves,
the corresponding absclssas of which are multiplied to obtain a sediment-
velocity curve. The area under this curve repregents' the sediment dis-
¢charge in the vertical. This method has been used considerably in sampling

for research purposes, but it is too laborious for routine sampling.

139. The Straub_method--Probably the most complete analytical and
experimental wark pertaining ta the selection of sampling poiats:'was that
performed by Dr. L. G. Straub (50) of the U. S. Engineer Department,
Missouri River Division, during 1929 and 1930, relative to obtaining
gamples from the Mlssourl Rlver and its tribiutaries. The methcd developed
from these  studles was the only one found in whlch the coefficients
applied were based on mathematlcal derivation, and, therefore, a brief
summary of the theory of this method will be given. More complete details
of thig method will be found in reference No. 50 of the bibliography.

By means of a logarithmic plot of a typical veloclty curve, an
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empirical exponential equation was derived that would define the general

shape of such a curve. This equation was of the form

v = vgh
where v = veloclty at any polnt
vg = velocity at the surface
h = distance above zero of coordinates relative to the
total depth (zero was slightly below the stream bed).
m = exponent dependent upon the shape of the velocity curve,

(found to be 0.284 in the Missourl River).
Based upon the typical‘velocity‘ curve, the discharge, g, per unit width
of stream could be expressed by
q = 0.793 vg
For most of the Missourl River stations at which samples were taken,
an approximate straight-line variation of sediment concentration from the
water surface to the stream bed was found to exist. For such cases, the
following equation for sediment distribution applies:

s = 85 - (8, - sg)h

where s = sediment concentration at any point; h = distance abave zero

So gediment concentration at h = o

gediment concentration at surface

s
Since the sediment discharge at any point is the product of the water
velocity and sediment concentrationat the point, these two equaéions ware
multiplied and the result integrated throughout the stream depth to give
an expression denoting sediment discharge, 8, per unit width of stream:
S = v4(0.335 a5+ 0.458 sg)
Then, to determine the factor by whiéh the water dlscharge must be multi-

plied to obtainthe sediment discharge, the equation for sediment discharge
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per unit width ' of stream was divided by the equation for water dis-
charge per unit width of stream. This provided a general expression with
the coefficlent to be applied to the sediment concentrations obtained at
the zero point for vertical coordinetes and at the surface:
8/q = 0.422 8o + 0.578 sg

Since the sediment concentration had a straight-line wvarletion,
the concentration at the surface or at the bottom could be expressed in
terms of concentration at any other two points in the verticasl., The
points of 0.2 and 0.8 depth were chosen and values for Iconcentrations
at these points 1in relation to bottom and surface concentration were
substituted in the general expression. It was found that coefficients
of 0.385 and 0.61l5 should be applied to the 0.8 and 0.2 depth points;

respectively. The final expression for the approximate silt discharge 7

per unit width of streem 1s

8§ = (5/8 8,84 + 5/8 S.2d) q

where 9 = thé tothl sediment dischatge per unit. width,. =
s.gq = sediment concentration at 0.8 depth,
8,99 = sedimenf concentration at 0.2 deﬁth,

and q = the water discharge per unit width.

This expression will be referred to as the Straub Utwb-poipt" method.
Dr. Straub recognized that in certain instances the sediment concen-
tration  increases rapidly toward the bottom and that erroneocug values
would be secured if the coefficients developed for a straight-line vari-
ation were used. For the Missouri River he found the general equation
for curvilinear sediment distribution to be
s =-knssh‘n,

the value of k depending upon the center of coordinates.
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With a derivation similar to that used forthe straight-line wvariation

he arrived at the equation.

8=K sg q
The value, K, which was +termed the "silt distribution factor", although
found to vary within rather nﬁrrow limits, is a complicated expression.
The exponents m and n in the velocity and sediment distribution éurves
respectively, are unknowns in the expression and, consequently, if they
were determined it ﬁould only be necessary to obtain a surface sample to
determine sediment discharge.

A "three-point" method, with an arithmetic average of concentrations
in samples secured at surface, mid-depth, and bottom, has been used in
other investigations +than in the Missourl River. A comparlson was made
of this method and the "two-point"»method with the theoretically correct
value of sediment discharge for both straight-line and curvilinear sedi-
ment distribution which is presented in Table 4. The per cent deviation
from the theoretically‘correct value fo; varlous ratios of sediment con-
centration at surface to that at bottom, and for various exponents of the
silt distribution curve are shown. The analysis shows clearly the in-
accuracy of the "three-point" method when compared with the theoretical
and "two-point® methods for both straight-line and curvilinesar variation
of sediment distribution. Also, as the concentration at the surface de-
creases in relation to that at the bottom the per cent deviatioh from thé
theoretical increases rapldly for both ﬁethodé. It is obvious that the
"three-point" method is more limited in use than the "two-point" methed.
The values in the +table also show ﬁhat if the assumed values of m and n

are reasonably correct, the "two-point" method will be . quite accurate
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when a curvilinear wvariation exists. The "three-point" method zives
values that are always greater than the theoretical, while the values

given by the "two-point" method are slightly lower.
TABLE 4

THEQRETICAL COMPARISON OF METHODS OF OBTAINING SEDIMENT DISCHARGE

(a) Straight-line Variation of Sediment Distribution

Ratio of concentratlon, Per cent deviation from theoretical value
surface to bottom _
85/ 8p "two-point" method | "three-point" method .

0.2 - (.88 ‘ + 10.11
0.3 -~ L70 + 8.55
0.4 - .b5 + 6.29
0.5 - .42 + 4.82
0.6 - .31 + 3.58
0.7 - .2 + 2.35
0.8 - 14 + 1.56
0.9 - .06 ' + 0.74
1.0 0 0

(b} Curvilinear Variation of Sediment Distribution

Exponent n in Per cent deviation from theoretical value
sediment distri-| sg/sp
bution equation "two-point" methed [ "three-point" method
0.40 0.209 - 3.40 + 69.0

+30 .3095 - 1.88 + 41.9

+20 456 - 0.85 + 22.95

.15 .553 - W71 + 16.04

.0875 711 - .47 + 8.15

+050 .823 - .19 + 4.43

0 1.000 0 0

In the éarly gtages of the Missouri River investigation of 1929-30,
accurate sediment discharges were obtained by securing samples and veloecity
measurements at 1 ft. below the surface, at 0.2, 0.5, and 0.8 depth, and
1 ft. above the bottom. The sediment discharge was computed using the

precise method. This study included 27 days between May 8 and August 20,
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1929. ©Sediment discharges were also computed by the "two-point" and
"three-point" methods described previously and the results compared with
those obtained by the precise method. For the "two-point" method the
deviation from the precise veried from +6.54 to -11.8 per cent, the alge-
braic average belng only -0.37 per cent. In the "three-point" method the
algebraic average was not appreciably greater, being +0.56 per cent, but
the variations were considerably greater, ranging from +11.3 to -13.6
per cent. Dr, Straub pointed ocut that this close agreement was probably
due to two factors; first, samples not being taken very close to the
stream bed or directly at the surface, and second, that there was general-
ly only 10 to 20 per cent more sediment per unit volume in bottom samples
than in those at the surface. In this and other investigations, the
"three-point" method tended to give results higher than the precise, while
the "two-point" method gave results slightly lower. This observation is
also borne out in the theoretical comparisons in Table 4.

Since precise, preliminary investigaotions established the reliability
and accuracy of the "two-point" method for use in the Missourl River, it
was used extensively for investigations in that river. This method is
applicable for obtaining sediment concentration regardless of the distri-
bution as long as it is approximately a straight 1line and the velocity
digtribution is consistently -about the same. This method is not in all
cases satisfactory - for obtaining a representation of the particle size
since the vertical distribution curves for large sizes generally have

considerable curvature near the stream bed.

20. The Luby method--Mr. J, P. Luby of +the St. Paul U. S. Engineer

District developed a rational method for selecting points in the vertical
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which has been used recently by somé of the other U. S. Engineer Districts.
In this method the area under the vertical velocity curve is divided into
equal areas as shown in Fig. 4{a). If samples are taken at the centroids
of these areas they wlill be representative of equal portions of the dis-
charge. The samples, if of equal volume, can then be éombined and the
composite will be representative of +the mean sediment concentration in
the vertical. The mean particle size composltion will also be represented
in the.composite sample, providing enough points are chosen. The nﬁmber
of points 1o sample will largely be determined by the curvature of the
sediment distribution graph, the shape of the vertical wvelocity curve,
and the depth of the stream.

Fig. 4(b) shows a typical sediment distribution curve with divisions
and locations of sampling points as indicated by the division of the ver-
tical veloclity curve. This illustrates the approximations in the Luby
method; namely, in assuming the sediment concentration at the centroild to
be the mean of the area. As seen by thls curve the actual mean in each
area will be at a point below the centroid except near the surface, and
in all cases the Luby method will tend to show concentrations which are
smeller than actually exist. As the curvature of the sediment distribu-
tlon graph increases, the tendency for error increases, requiring division
into a greater number of equal areas of discharge to secure the same
degree of accuracy.

Curve 4 of Fig. 5 is a typlcal vertical welocity curve obtained by
the U. S. Geological Survey (40) from 78 measurements in seven rivers of
gouthern New York during 1201. Curwve B, plotted fromthe data of Curve A,

shows the per cent of discharge below any glven per cent of depth. Having
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(a) Vertical velocity (b) Sediment dietribution curve.
curve and spacing of

sampling points to rep-

resent equal portione

of discharge.

Fig. 4—Illustration of the Luby method.

these curves for any stream, the location of sampling points by the Luby
method is easily made. After establishing the number of points desired,
their percentages are found from Table 5 and by entering Curve B at the
middle of each equal fraction of the discharge, the per cent of depth for
each point isdetermined. Thus, if four points were desired, from Table 5
the middles of the equal fractions of discharge would be 12, 38, 62, and
88 per cent. From Curve B, the corresponding sampling points would be 18,
45, 68, and 90 per cent of the depth above the bottom of the stream.
Table 5 facilitates determination of the location of the centroids
of the sections of equal discharge. The table 18 entered at the number
of sampling points dgsired, giving the cumulative percentage of water

discharge to vhe centroid of each section.
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The Luby method 1s appllicable to a2 wlde range of fleld conditions
and, 1f properly conducted, can be expected to give good results for both

total sedlment concentration and particle sime distribution.

TABLE 5

CUMULATIVE PERCENTAGES OF TOTAL DISCHARGE AT CENTROID OF SECTIONS
OF EQUAL D1SCHARGE FUR A GIVEN NUMBER OF SAMPLING POINTS

No. of
campling Mid-percentage for each section
points
2 25 75
3 17 50 83
4 12 38 62 88
5 10 30 50 70 90
6 ! 8 25 42 58 75 92
7 7 21 36 50 64 79 93
8 6 19 31 44 56 69 81 94
9 6 17 28 39 50 61 72 83 94
10 5 15 25 35 45 55 65 75 85 95
11 5 14 23 3 41 50 59 68 77 86 95
12 4 12 R1 29 38 46 54 G2 71 79 88 90
13 4 12 19 27 35 42 50 58 65 73 8l &8 96
14 4 11 18 25 32 39 46 54 61 68 75 82 B89 96
15 3 10 17 235 30 37 43 b0 57 63 70 77 83 90 97

21. The depth-integration method--The depth-integration method of
sampling suspended sedlment in streams presupposes that the sampler
fills at a rate proportlonal to the velocity of the approaching flow and
that, in traversing the depth of a stream at a uniform speed, the sampler
will receive at every point in the vertical a small instantaneous specimen
of the water-sediment. mixture, the wvolume of which is proportional to the
ingtantanecus velocity. The availocble records indicate thot this method
of sampling was f;rst ﬁsed by Major Allan Cunningham in the Ganges Canal,

Indiay in 1874. He lowered a tube from the surface to the bottom and
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collected a column of water the full @epth of the cansal.

The main factors which influerice the rate of filling of a sampler
are the stream velocity and the hydrostatic pressure at thé pbint of
sampling. The hydrostatic pressure may cause the rate of filling to vary
with depth, sc that 1t is not proportional to the stream velocity. This
effect can be eliminated by using a sampler unaffected by hydrostatic
pressure, a condition which is approximated by the collapsible container
type with intake facing into the stream. The rate of filling can alsc be
controlled mechanically by regulating the alr release or by adjusting the
size of intake. Still another means of correcting for this effect of
hydrostatic pressure on the rate of filling is to vary the rate at which
the sampler is mbved vertically, but this method presents operating dif-
ficulties that make it impractical. When the depth-integration method is
properly used it will give accurate gesults for both mean concentration
and particle size, providing the time of filling is sufficient to compen-
sate for instantaneous fluctuations at each point. Since this method
requires only one sample in each vertical, the laboratory analysis is
reduced to & minimum.

At present there 1s no equipment available in this country which is
designed to give the proper rate of filling under all conditions of oper-
ation. A collapsible bag type of sSampler, which is claimed to satisfy
the requirements, is being used in Russia. /

In depth-integration sampling, a slow filling type of sémpler must
be used. In using this method it has frequently been the practice to
lower a closed sampler to the bottom, then open it, and raise it at such

a rate that the sampler would reach the surface before the container was
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entirely filled, thus assuring that water from every peoint inthe vertical
was taken in. When a sampler with a fixed-volume container is operated
in this mamner a portion of its capacity 1is filled in a moment after the
valve 1s opened. This initial filling, which is induced by the difference
in pressure outslide and inside the container and, therefore, proportional
to the depth of submergence, is deccribed fully in Sectlon 42. It is
evldent that during thils period the filling rate is not & function of the
velocity and, hence, the sample as a whole is not representative of the
average water-sediment mixtures in the vertical. Teo aveid this difficulty
the sampler should be open during the descent as well as the ascent and
should be lowered and ralsed at &a uniform rate such that the round trip
1s made before the container is entirely filled. This procedure does not
assure a perfectly integrated sample, but, for practical purposes, it is
probably satisfactory, if the stream is not too deep to permit the round
trip to be made before the container is filled.

The accuracy of this method will be diminished 1f the sampler used
does not permit sampling close encugh to the stream bottom. However,
particular care must be exercised to prevent disturbing the bed material

in such a way that it is washed up into the sampler..

22, Comparative summary of methods--Table & presents a comparative
summary of the various methods inuse for observing sediment ina vertical.
The attempt has been made +to make this table complete co that a ready
comparison between existing methods 1s possible. The number of samples,
the duration of a sampling interval at a single point, and the manner of
conducting the depth-integration method sc as to compensate for instan-

taneous fluctuations in sediment concentration are not shovn in the +able.
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These factors will necessarily have varying importance with ‘different
types of investigations and the size and characteristics of the stream.

As a practical matter, in certain investigations where econemy is
essentlial, it may be necessary to have routine samplee taken by unskilled
resident observers, which will necessitate the.use of the more simple
methods. .The table shows the adaptability of the methods under these
conditions.

In considering Table 6 it should be noted that, although the depth-
integratlion method requires only one sample for concentration determina-
tions, this advantage may be‘partially offset by the probable increased
accuracy of the Straub or Luby methods, wherein more samples tend to off-
set error due touvery rapid fluctuations in the sediment concentration.
If size analysis of fhe gediment is desired it may be .necessary, for
ordinary concentrations, to obtaln as. meny samples by the depth-integration
. method a5 by the Luby methed in order to have sufficient sedimént for the

analysis.
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V. FREQUENCY OF SAMPLING

23. Factors which affect the sampling frequency--Investigations of

guspended sediment in streams are usually concerned primarily with the
development of long-term continuous records of sediment discharge and, to
a lesser extent, with shorter, more intensive, research investigations..
The main purpose of the former, and in some cases in the latter, is to
obtain a hydrograph of sediment discharge sufficiently accurate for the

particular problem in hand. In many present day investigations, knowledge

of the total sediment concentration is required, and there is also a
growing demand for particle size data as well, This is an additional
factor to be considered indeciding how often to take samples. In addition
to Dbeing one of the critical considerations in sampling procedure, the
frequency of sampling is probably the most difficult to determine on a
rational or analytical basis because of the great number of factors
tending to ﬁroduce considerable variation in sediment concenlration.

In determining the frequency of sampling, the purpose of the investi-
gation, the cost of various procedures, and the fluctuation of sediment
concentration must all be considered. Generally, the l&ttér is the most
important but the problem 1s complicated by its wide range of variation.
Numerous attempts have been made to correlate suspended sediment discharge
with water discharge but they have not been successful except in certain
isolated cases on large rivers. Thefollowing sections present briefly the
variétions that can occur in sediment concentration, the factors céusing
them, and the manner of minimizing their effects in present observations.

In the following discussion some of the difficulties-of gecuring

accurate data on sediment discharge will be pointed out, and the
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comparatively large errors which often asre found in estimates of sediment
discharge will be indicated. Those who work in field involving factors
havinga.comparatively small range may consider these errors discouragingly
large, and the basic data of doubtful value. In the field of sediment
transportation, however, the range of values of .sediment discharge 1is
very great. For example, the Rio Grande River at San Marcial, New Mexico,
carries an average sediment load of 1.42 per cent, while the Norih Fork
of the Couer d'Alene at Erraville, Idaho, carries only about 0.0074 per -
cent and the Gasconade at Rich Fountain, Missouri, aboyt 0.0076 per cent:
The ratio of the average content of the Rio Grande to that of the other
two.rivers is about 200 to 1, and these exampies probably de not represent;
the extremes in either direction.

Engineers are frequently faced with the necessity of estimating the
rate at which & reservoir will fill up, or some other problem which in-
volves the average magnitude of the sediment load ‘of'a stream. The
expenditures affected by this determination sre often very large, some-
times being in the order of a million dollars. Aécurate data is therefore
very essential, but, usually, the available information is very meager.
Because the range of average concentrations which might reasonably hbe
used is so wide, the enginger, if he .has no data at all, may sasily make
an error of several hundred per cent 1n estimating sediment loads. Even
with relatively  unsatisfactory records the engineer's estimate for a
given case will very probably be materially less in error thﬁn if he has
no records at all for that stream. While every effort should be made to
get records of a high degree of accuracy, the opportunity. of increéasing

the accuracy of the engineer's estimates of sediment load should not be
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neglected simply because it is not practicable to secure results which

have the degree of accuracy which is customary in other fields.

24. Variationg jin sediment concentration and factors producing

them--Variations in suspended sediment concentration are of two distinct
types; namely, rapid, nearly instantaneous fluctuations related to stream
turbulence, and variations occurring over z longer period of time, ranging
from a few minutes +to several weeks or more. The latter type is not a
function of turbulence but can be attributed rather to watershed, rain-
fall, and stream characteristics.

Fluctuations due to turbulence can be compensated for either by
gecuring a series of samples at one point or by increansing the time of
collecting a single sample sufficiently to secure a satisfactory average.
The importance of momentary fluctuations has been generally recognized
and attempts have becn made to minimize their effect, ag is evidenced by
the recent development of a large number of slow filling samplers.

A sampling program must be governed by varletions that occur over
longer periods of time than those that can be attributed to turbulence.
Variations of long duration are more difficult to +take into account and
do not allow a fixed sampling frequency, except probably in very special
investigations, becausec of the complex relationship of a great number of
variable factors.

Briefly, the most important factors influencing sediment concentra-
tion fluctuations of the latter type are:

a. storm characteristics, such as fregquency, intensity
distribution, amount and kind of preecipitotion;

b. features of the dralnage area, such as size, shape,
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topography, culture, geographical location, and type and condi-
tion of soil and vegetation; and

¢. stream characteristics.
The magnitude of run-off and its suspended load are determined by an in-
terrelation of these factors, and changes are usually manifested by
changes in the stage of the stream.

The size of the drainage area of a stream has considerable effect
on its sediment concentration. For small rivers +the sediment and water
discharge may be dependent on only one intense local storm and on local
watershed characteristics. For larger rivers, where the run-off may
result from several storms eccurring in several different types of water-
sheds, the probability of extreme conditions ofl run-off. is gréatly
lessened. One would expect, therefore, the relative importance of .some
individual factors teo be, in general, inversely proportional to the size
of the drainage area above the sampling station.

Obvicusly, a change 1Iin stage is the most convenient . criterion for
the frequency of sampling because it is”usualiy the first direct indice-
tion of surface run-off from the watershed. A'change:hlstage is generally
accompanied by a change in sediment concentration. It is important to
note, however, that the variations in concentration before a pesk stage
due to storm run-off are generally different from those occurring after
the peak., OConcentrations often change very rapidly andlefratically pre-
ceding a pesak. After the peak the concentration usually changes more
gradually and at a fairly consistent, though not necessarily a uniform,
rate. The sampling frequencies, to be used particularly on smaller streams,

‘should be determined with these considerations in view. However, 1t is

possible that storms, relatively small in scope in comparison to the size
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of the drainage ares, occurringczlaregs where severe erosion could occur,
would change the sediment concentration and yet preduce no appreciable
change in stage. These variations, and some others, should be studied in
routine investigations by sampling at stated periodié intervals even when

ne changes in stage occur.

25. Errors in sediment discharge determinations due to infreguent

sampling--The changes in sediment concentration accompanying rapld changes
in stage, especially in small streams, may be of such megnitude that un-
less frequent samples are taken, large errors may be introduced in the
determination of total yearly sediment discharge. For example, it was
found in Coon Creek at Coon Valley, Wisconsin (34) with a drainage area
of 77 sq.mi., that 90 per cent of the total sediment discharge in 15
monthg occurred within a period of 10 days, or 2.2 per cent of the time.
In West Tarklo Creek, near Westboro, Missouri, with a draincge area of
127 sq.mi., 90 per cent of the +total sediment discharge in a 15-month
pericd occurred in 2.2 per cent of the time, Table 7 illustrates that
these examples are not unusual for small streams. Data from a number of
gaging stations (34) are tébulated, giving total suspended load for a
period of 15 months and the maximumrdaily ‘load during‘that period.' The
.maiimum load in 1 day (0.2 per cent of the total time) is shown-to be, in

most cases, more than‘lO per'centcxfthe total load for the period. Hence,
the necessity of obtaining accurate samples from the smaller streams fre-
quentlyrduring sucﬁ times is apparent.

Detailed data from a major rise on Coon Creek (10) was analyzed to .
illustrate how errors are introduced into deily and yearly sediment diafr

charge determination in using various intervals of sampling and by
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Table 7

TABLE 7

SUSPENDED SEDIMENT DISCHARGE CHARACTERISTICS OF SMALL STREAMS (34)

Suspended Sediment Discharge

Drainage | Total for | Maximum| Maximum
Stream and Location Aresa 15 months | Daily Daily
. : . | per cent
| sq.mi. tons tons of total
E. Limestone Cr. near Ionia, Kan. | R3.7 179,400 41,700 R3.2
Elm Cr. near Ionia, Kan, 23.2 154,000 44,200 28.7
E. Limestone Cr., at Ionia, Kan. 51.6 297,500 83,200 R8.0
W, Buffalo Cr. near Jewell, Kan, 15.3 118,200 28,000 R3.7
W, Buffalo Cr. at Jewell, Kan. 16.3 87,500 20,600 23.6
E. Tarkio Cr. at Blanchard, la. 200.0 248,100 42,000 16.9
W. Tarkio Cr. near Westboro, Mo, 127.0 245,100 54,500 2.2
Easgt Fork of Big Cr. near

Bethany, Mo. 95.0 | 379,500 | 29,800 7.9
West Fort of Deep R. near ‘

High Point, N. C. 33.0 43,100 7,910 18.3
East Pork of Deep R. near

High Peoint, N. C. 13,9 21,200 2,600 12.2
Deep R. near Randleman, N. C. 124.0 76,200 4,990 6.5

" |Muddy Cr. near Archdale, N. C. 14.2 | 7,540 564 7.5
Uharie R. near Trinity, N. C. 11.3 18,700 | 2,680 14,3
Horsepen Cr. at Battleground, N.C,  15.9 11,000 ‘965 8.8
Stillwater Cr.at Stillwater, Okla.| 165.0 118,400 61,800 52.2
West ‘Fork of Brush Cr. near '

Stillwater, Okla, 13.1 15,300 5,610 36.7
Council Cr. near Stillwater, Okla. - 30.2 68,800 10,400 15.1
N. Tiger R. near Moore, S. C. 182.0 87,500 3,860 4.4
S. Tiger R. near Reildville, S. C. 106.0 44,300 . 3,710 8.4
S. Tiger R. near Woodruff, S. C. 174.0 121,500 6,650 5.5
Tiger R. near Woodruff, S. C. 351.0 349,100 12,800 4,0
Deer Cr. at Chllton, Texas .-81.8 493,000 | 127,000 25.8
Blg Elm Cr. near Temple, Texas 'B8.5 613,000 | 102,000 16.6
Big Elm Cr. near Buckhotts, Texus 186.0 655,800 193,100 14.3
N. Elm Cr. near Ben Arnold, Texas 30.3 78,400 22,800 29.1
South Fork of Palouse R. .above '

Paradise Cr. near Pullman, Wash. 8l.1 19,600 2,210 11.3
South Fork of Palouse R. at

Pullman, Wash. 132.0 53,200 3,580 10.8
Paradise Cr. near Pullman, Wash. 37.0 7,830 789 10.3
Dry Fork of South Fork of
i Palouse R. at Pullman, Wash. 7.4 - 1,980 430 21.7
Missouri Flat Cr. at|Pullman, Wash. 27,5 10,000 1,500 15.0
:Four Mile Cr. at Shawnee, Wash. 73.1 29,000 4,800 15.8
Little LaCrosse R. near Leon, Wis. 77.1 91,900 13,500 14.7
|Goon Cr. at Coon Valley, Wis. 77.6 97,200 35,000 36.1
Goon Cr. near Stoddard, Wis. 119.0 105,200 17,600 16,7
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beginning at different times during the rise. Fig. 6 1llustrates how
errors are introduced in daily and yearly sediment discharge determina-
tions when +the sediment discharge for the day was based on only one
observation. The daily sediment discharge was computed in two way.:

a. by using the instantaneous sediment concentration and
mean water discharge for the day, and

b. Dby using the instantanecus sediment concentration and
the water discharge «t the time of sampling.

The maximum error introduced in the computed yearly sediment dis-
charge by computation a would have been 60 per cent, which would have
occurred i1 the measurement had been made at 1:00 4.M. By computation
ba measurement at 3:00 A.M. would have produced a maximum error of 118
per cent. These are the extreme errors for the data analyzed but ap-
preciable errors 1in yearly sediment discharge determinations would also
have occurred if single daily samples taken at other times during the
rise had been used. It is probable that in most cases computation b
vould be avoided by using either a value of mean daily discharge obtained
from a water- stage recorder, or from a hydrograph constructed from gage
readings, or by using the unit-hydrograph metiod. However, it maybe dif-
ficult to construct a hydrograph if only a single daily gage reading
is taken, as is the case in obtaining a number of presen£ water discharge
records. Thus, Fig. 6 shows the need of obtaining  accurate records not
only of the sediment concentration, but of the water discherge as well.

The importance of starting to sample during the early part of the
high run-off period in small strgams and the effects of using different
sampling intervals are shown in Fig. 74 This figure shows the error

introduced in tine sediment discharge determination for a given day, with
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varying elapse of time from the beginning of +the rise to the start of
sampling and with varyling sampling intervals. For example, 1f the
obgerver had begun at 6:00 A.M. and sampled at 2-hr. intervals throughout
the remainder of the day, the error in the sediment discharge determina-
tion for the day, due primarily to missing the early part of the high
flow, would have been 51 per cent. The sedimen£ discharge indicated by
the graphs in Figs. 6 and 7, was computed by multiplying the mean water
discharge for the day by the mean sediment concentration, weighﬁed by the
. ratlio of sediment to water discharge at the time of sumpling. Errors in
determination of the total annual sediment discharge nesulting‘from the
errors of one day would be approximately one-fourth of those . shown in
Fig. 7. As illustrated in this figure, the accuracy is. greatly increased
by frequent sampling, prbviding sampling is started soon after thé stream
begins to rise. However, the curves also show that frequent sampling is
comparatively unimportant if' the early part of the rise has been missed;
that is, the error introduced by miésing the early part of the hydrograph
cannot be compensated for by more frequent sampling on the falling stage.

In Table 8 are shown the errors introduced in using various sampling
intervals during rising ahd falling stages in the hydrograph of Fig. €.
The table illustrates that sampling during the falling stgge need not be
as frequent as on the rising stage. For example, more 'accurate results
could have been obtained in this instance if 1/2-hr. intervals had been
used on the rise and 4-hr. intervals on the fall than if 1-hr, intervels
had been used"throug.houta Furthermore, only 13 observations would have
been required in the‘former.method as compared with 24 observations in

the latter.
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TABLE 8

ERRORS 1N DETERMINATION OF DALLY SEDIMENT DISCHARGE
WITH VARICUS SAMPLING INTERVALS

Coon Creek at Coon Vglley, Wisconsin —- September 10, 1938
Sampling Interval (hours) Total Number, of

Per cent Error Observatlons

Riging stage Falling stage During Day
0.5 0.5 0.5 B
0.5 4.0 1.4 13
0.5 6.0 5.5 11
0.5 B.0 5.3 10
1.0 1.0 4,4 24
2.0 2.0 6.4 12
4.0 4.0 13.4 8
6.0 8.0 27.0 4

The data analyzed are taken from only one‘small stream and are not
ropresentative of all stregms. Howev;r, since Table 7 showed Coon Creek
to be not unusual for the maximum percentage of annual sediment discharge
occurring 1ln one day, 1t seems likely that the order of magnitude of the

errors dlscussed are not uncommon for similar small streams., The serrors

illustrated would probably decrease as the size of the stream increases,

26. Other factors affecting the frequency of sampling--If a suffi-
clent number of well spaced samples are taken, a reasonably accurate
gediment concentration hydrograph ¢an be prepared. When the sediment
discharge is computed on the basis of such a graph the errors due to in-
frequent sampling will depend largely upon personal judgment in supplying
data between observed values. It is probable that the missing data can
be supplied from a sediment concentration hydrograph with better results
than by using the mean concentration indicated by several samples welghted

according to water diéchargea at the times they were taken,
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Some attempts have been made to correlate water and sediment dis—
charge in order to compute sediment discharge during the intervals between
sediment observaSions. These attempté,.which have generally mel with
little success, are justifieble only when an estimate must be made and no
better means are avallable. For-large rivers the method has been found
tobe fairly successful for determining total quantities over long pefiods.
In sediment investigations on the Missouri River, Dr. L. G. Straub (50)
obtained a relationship which held quite well, up to a certain discharge
above which it was not reliable. Dr. Straub considered this method
satisfactory at stations where it was economically impractical to obtain
frequent routine samples. The U. 5. Waterways Experiment Station, Vicks~
burg, Mississippi, concluded (54) that "the quantity of coarse materials
(0.0375 mm. or larger) transported, ﬁrobably bearé a defiﬁite relation to
river stage, but the qugntity of fine material transpeorted is a function
of the silt content of influent waters." In the Colorado River it was
found that, althoﬁgh there was no apparent relation between the quantity
of fine silt and the discharge, there was a defilnite relatibn between the
load of coarser parﬁicles‘and the discharge. |

Gertain individual factors, characteristic of the watershed, increase
in importance as the size of the drainage area decreasees, and, therefors,
1t is- reasonéble te expect that for small watersheds a water—éediment
discharge relationship would probably be less reliable than for large
watersheds. Numercus data substantiate this point.‘.TWQ illustrations
from small streams are presented 1in Fig. 8,‘showiné the large difference
between the sedimenf discharge on & rising and on a falling stage, and

during two ruﬁ-off periods. The suspended sediment concentration 1s seem
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to vary several hundred per cent at the same water discharge. These, and
other available data, indicate thut the suspended sediment hydrograph may
be somewhat similaer to the shape of the water discharge hydrograph, but
they are generally not synchronized with respect to time. The peak sedi-
ment discharge can occur either before or after the peak water discharge.
One explanation advanced (33) is that sediment will travél downstreamn
with the actual stream velocity while the peak water discharge will pro-
ceed with the flood wave veloclty. TFlood wave studies have shown that
stream velocity and flood wave velocity are usually not of the same
m#gnitude; also that one is not 1in all cases lapger than the other. Be-
cause these factors complicate the correlstion of sediment and water dis-
charges, it seems impossible +to make a satisfoctory determination of
sediment discharge at any given time from the known water discharge.

From the foregoing discussion 1t appesars that the best method to
cbtaln reliable records of sediment discharge is to sample frequently

eriough to determine the sediment concentration hydrograph during the -
period in questlien. In general, this will probably necessitate more fre-

quent sampling on rising than on falling stages. Since reasonably satis-
factory rules specifying the frequency of sampling are difficult to draw
up, the final decision in mosi cases 1n the past has been made by the

field eﬁgineer or observer.

R7. Present practice--A definlte schedule of sampling has been set

up by the Tennessee Valley Authority for each of -its stations. The
schedules are based upon consideratlons of past records of sediment and

water discharge at tﬁe stations, the dralnage area characteristics, and
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the number and location of the other stations %o be handled by a éingle
field party. For example, at one station with a drainage area of about
500 sqg.mi., routine samples are taken each week. During fl'ood flows and
on each rise of the river, samples are collected at 4-hr. intervals while
the stage is increasing and at 12-hr. intervals after the crest. For
main river stations with large drainage areas the‘corresponding intervals
_are 12 and 24 hrs. The field man attempts to arrange his visits to each
station so that one set of samples 1is obtained at or just before the
crest stage. He also calleqts additional samples whenever the sediment
concentration changes noticeably, even though the stage may remain un-
changed.

In the Ft. Peck U. S. Engineer District, a measurement is made each
day during the gpring high water and each week throughout the remainder
of the year exccpt during tune winter months when observations are dis-
cdntinued. The Vicksburg U. S. Engineer District collects samples once
each week from the lower Mississippi and its larger tributaries, except
during periods of rapidly changing stages, when more frequent observations
are nade.

‘In the extensive investigations conducted by the Soil Conservation
Service routine samples are generally taken each day. When stages are
changing samples are taken more frequently, sometimes as often as every
30 min., In some cases electric alarm systems are being wused to notify
the cbserver when large rises in stage occur during the night, which
would otherwise be missed.

Various sampling frequencies are used by the U. S. Geological Survey

in a cooperative project with the Central States Forest Experiment
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Station, conducted in the St. Francis River watershed in southeastern
Missouri. At one station, with approximately 1300 sq.mi. of drainage
area, samples are taken twice each day during medium and high stages and
once each day during low stages. At another station, with a& drainage
area of 956 sgemi., 1-hr. intervals are used during rising stages and
2-hr. intervals during falllng stages. Samples are collected &=ch day
during low stages. At all other stations in the watershed l-hr. inter-
vals are used on the rise and 2-hr. intervals on the fall. - Routine
semples are collected twlce each week during low stages,

A method suitable for large streams has been‘ developed by the Iowa
Instlitute of Hydraulic Research wherein each sediment observatlon is in-
tended to reprecent an equal portion of the yearly discharge, In this
method, the mean annual cumulatlive water discharge, as determlned from
previous records, 1s divided by £he number of observations thet are con-
gsidered economically feasible, giving & value of water discharge which
each sediment cbservatlon 1s intended to represent. Sampling iﬁtervals
may then be determined by transferring dally gage readings into water
‘dlscharge and adding the water dlscharges for consegutive days until a
total is reached which corresponds to the value to be represented by each
sample. At this time a sediment obsefvation is made,

In & number of current sediment Investigations samples are taken at
regular intervals throughout the yeaf, varying from twiée each day to
~once each week, Some of these Iinvestlgations are on large streams where
the sediment e¢oncentration does not vary & great deal in short intervals
of time and, hence, the problem of determining sediment discharge 1s not

as difficult as on smaller streams,
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VI. DEVELOPMENT OF SUSPENDED SEDIMENT SAMPLERS

28, General history of sampler development--The suspended sediment

sampler, used in the first silt investigation in European rivers, in the
beginning of the 19th Century, consisted of a can or container with which
to dip samples from the water surface. An ordinary water pail was used

by the earliest investigators in the Mississippi River about 1840; appar-
ently no attempt was made at that time to obtain samples from below the
water surface.

The first sampler to be developed beyond the stage of a simple pail
or caﬁ was probably the keg psampler used by Professor Forshey in the
Mississippl River at Carroliton, Louisiana, in 1851. This sampler, as
described by Humphreys and Abbott (26), wasa small, weighted keg, equipped
with a flap valve in each end. As 1t was lowered, the keg was maintained
in a vertical position and the flap valves opened upward due to the re-
action of the water, am closed when the sampler was halted at the desired
sampling depth.

Investigating silt conditions in the Mississippl River at Helena,
Arkansas, in 1879, Mr. J. B. Johnson found that the openings in the top
and bottom of the keg sampler 4id notlpermit free passage of water sedi-
ment as the sampler was lowered, with the result that at the time of
sampling, the keg contained a mixture from all depths. Mr. Johnsen
developed the sampler shown in Fig. 9, which was designed to overcome this
objection. This sampler consisted of a vertical, cylindrical container
with a flap valve at each end which would close when the sampler touched
the river bed (42). In principle it was similar to the keg sampler, but

the container hada uniform crose sectionand both end areas were completely
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uncovered while the saﬁpler was belng lowered to the sampling point.

The "slip bottle" used in the Misgourl and Mississippl Rivers in
1880-81 was the first of the instantaneous trap samplers. This sampler,
and its improved design, the "double slip bottle", shown in Fig. 15,
functioning as described in Section 54, obtains an instantaneous sample
from a relatively undisturbed Vstream flow. The effect of the sampler on
stream flow and the accuracy of the instantaneous action were probably
not consgidered in designing the sampler.

The horizontal trap, shown in Fig. 21, an instantaneous type sampler
used extengively 1n recent years, dates back to the Leitz horizontal
sampler'described by Mr. C. T. Johnston in Engineering News of 1902. It.
was used by Dr. Elwood Mead of the U. S. Department of Agriculture for
investigations in rivers of western United States and is probably the
first sampler designed with the view to trapping a sample with a minimum
disturbance to the flow,

As previously stated, the ordinary open container, such as a pail,
can, or bottle, predates the other means of water-sediment sampling. The
first improvement in this simplest type of sanmipler was the use of an o#—
dinary stopper in a small-mouth bottle with provision for its removal at
the desired depth of sampling. Fig. 41 shows the simple bottle type
sampler as described in Englneering News of 1893.

It is not known definitely when a common water pump was first used to
obtain sub-surface samples from a stream, but it was probably used in 1843
in investigations by Professor Riddell. Water samples were pumped up from
the different depths with a common water lift‘pgmp also in invesiigations

conducted by R.G. Kennedy (30) in the Sirhind Canal, India, in 1893 and 1894.
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From the forsgoing discussicn it is apparent that the development of
water-gediment samplers has not progressed along any definite trend and
the basic +types that are used today are much the same as those used in

the first investigations.

29. Recent developments of samplerg--Developments of samplers for

recent inveétigations have consisted primarily of improvements upon the
criginal basic +types. Weight has been added either as an integral or a
separate part of the sampler. Emphasis has been placed upon streamlining
to reduce the current drag and to increase the accuracy of determining
the depth of sampling, thus adapting samplers for use in deeper, swifter
streams.

The time-integrating sampler, a distinctly new class, has evolved

from the realization that the suspended sediment concentration is subject
to rapid fluctuatlons and that the average concentration at a= point will
not be accurately represented by a single instantaneous sample, In sam-
plers of this class, the basic principle is to secure over a considerable
period of time a sample representative of the average sediment condition.
Many of the so-called time-integrating samplers are only modifications of
the ordinary slow filling, bottle  type sampler with varlous devices pro-
vided for opening and closing the sampler at the desired sampling point.
Recently, however, a number of samplers have been developed with smooth,
slow filling, which are being used extensively and with considerable
success.

The photo~electric‘cell, as a means of securing a measure of sediment
concentration by 1ts relatlon to turbldity, has been subject to con-

slderable experimentation. The conclusion of previous investigation was’
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thet. thls method 1s nét practical for general field use because of the

unreliabllity of correlations between turbidity and sediment concentra-

tions due to such effects as size, color, and light reflecting properties

of gediment particles.
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VII. REQUIREMENTS OF SAMPLERS

30. Previous concepts of sampler reguirements--About 1875 it was

realized that ordinary pails-or other crude equipment were not adequate
as suspended sediment samplers and certain basic requirements were
developed. One of the earliest investigators, Mr. J. B. Johnson (42),
who designed the trap sampler shown in Fig. 9, considered the following
requirements as fundamental in a satisfactory sampler:

a., it should have capacity for a fair specimen of the
water which immediately surrounds it,

b. while it remains at a point the water-sediment mixture
received from the stream should be unchanged, and

c. it should bring its contents to the surface intact.

It was not until about 1928 that additional statements of sampler re-
quirements appeared, prompted probably by an increased interest and
activity in suspended sediment studies. Criteria for design of samplers
have been prepared by the Rock Island U. S. Engineer O0ffice, by Mr. H. W.
Mundt (37), of the Missouri State Geological Survey, and by Dr. L. G.
Straub (50), formerly of the Missouri Division Office of the U. S. Engi-
neer Department. These criteria show e definite development in the
knowledge and apprecilation of the factors involved in securing repre-
gsentative sediment sampler. The outstanding peints from these lists of
requirements are:

a. the sampler should be simple in design, durable, and
all parts should be standard to permit replacement and inter-

change,

b. the samples should show the same sediment concentration
as existed at the point and time of sampling,

¢. provision should be made for opening and closing at
the desired sampling point,
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d. a number of seconds should be required for filling,

€. the equipment should be portable and sultable for
operation by one, or not more than two, observers, and

f+ the sampler should have a volume control.

Z1l. Reguirements of an "ideal" sampler--The advantages of having
only one sampler so designed that it will meet the requirements of all
possible stream and sediment conditions are readlly .appreciated. ‘The
attalnment of an "ideal" sampler seems impossible, but the following re-
quirements of -such a sampler are listed with a view to aiding in Tuture
design as well as ineliminating some of the present unsatisfactory types:

a. The sample collected must be repregentative of tﬂh
water—gediment in the immediate vicinity of the #ampling point
or sampling zene at the time of sempling.

b. The suspended sediment must not be separated from tis
water at the point of entry into the samplér due to any su&ﬁeﬁ
change of flow characteristics of the watér; i.e., turbulente,
velocity or direction of flow. Thus, there must be no apprenl
able disturbance by - the sampler upon the flow which woulﬂfin—
crease or decrease the concentration of sediment in the saﬂpie
collected.

¢. The sample coliected at a2 point must mot be contami-
nated by water or sediment at other depths in thé¢ stream section,
That is, the sampler would be arranged to open at the desired
point and to close when filled, preferdbly by manual control.

g. The volume of the sample must be sufficieut to satisfy
the laboratory requirements for the size analysis of the sediment
as well as the regular "parts per million" determination.

e. The sampler must be adaptable for use in streams of
any:-depth and for sampling at any desired depth of the water
from the surface to the bottom..

f. The sampler should be portable and adaptable for use
‘by an operator wading in a shallow stream or working from a
boat or bridge in a deep river.

g. The samplér should allow the entire sampling operation
at a cross section to be made in a minimum of  time.
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h. The sampler should be streamlined and of sufficient
weight to reduce to a minimum its deflection from the vertical
due to drag when used in deep, swift streams.

i. Simplicity of desipn and construction are important
from the standpoint of cost of the sampler and ease of mainte-
nance and field repair.

j. It would be desirable .to collect +the sample in acon-
tainer that can be shipped to the laboratory without trans-
ferring the sample to another container in the field. This
would overcome the possibility of losing some of the sediment
which might adhere to’the sample container.

k., The sample should be collected in a transparent con-
tainer so that the degree of settlement may be observed in the
leboratory. However, in some streams it would be necessary to
protect glass containers from being struck by heavy, suspended
matter, :

l. The sampler should be designed to take a sample in-
stantly or over a longer period of time.
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VIII. CLASSIFICATION OF SAMPLERS

32. General clagslficatlion--For the lmmedlate purpose of this study

the suspended sediment samplers wlll be classified according to their
mode of action. However, no rigid classification can be made because the
characteristics of one type blend Into those of another. Thsere are ob-
jectionable and gquestionable features common to samplers of different
classes and, to a varylng degree, common to individual samplers of the
game cless. In the following sections the individual camplers are grouped
so a8 to allow a clags dilsciission of the various advantageous, as well as
the questionable features. The outstanding characterlistics of the general

types of samplers ere summarized in Table 9.

85. Vertical pipe samplers--A sampler with a vertlcal cylinder or

plpe for the water gample container, not esgpeclally designed to obtaln an
instantaneous undisturbed sample, 1s clagsified for this study as a
vertical plpe sampler. Illustrations of samplers of this class are shown
by Figs. @ to 12, and indlvidual descriptions are glven in Sections 47 to
51, respectively.

The chlef advantage of the vertical plpe class of sampler 1s the
simplicity of design. Although this cless of sampler has been one of the
principal types used in the past, they are not in common use in current
investigations.

The mode of action for the various ilndividual ssmplers of this cléss
1s essentially the same, regardless of such variations as length and
diameter of sample cylinder and the operation of wvalves for trapping

the sample. As the ordinery sampler of this class is lowered, or thrust
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through the water to the depth desired, the water flows up through the
sampler from its lower end. When the downward motion is arresfed at the
desired depth, the valves automatically close of their own weight aﬂd the
sample is trapped.

A somewhat different sampler of this class, shown in Fig. 12, is
sometimes used in shallow streams. It consists of a pipe of sufficient
length to reach from the surface to the bottom, and fills as it is'lowered
vertically into the stream. The pipe cuts a column of the water through—
out the depth and encloses a sample of the entire vertical at the ﬁime of
sampling. The sample thus obtained 1s actually a summation of instantan-
eous samples from each depth traversed by the mouth of the sample tube.
An average sample throughout the depth of the stream, obtained in this
manner, is not weighted according to the velocity distribution and, there-
fore, is not a true depth-integrated sample.

All except one of the objections discussed in Chapter IX are appli-
cable to the vertical pipe class of sampler. The flow characteristics of
the water éntering the sampler are disturbed, especially when the indi-
vidual sampler has valves at the ends of the sample cylinder in such a
position as to.prevent free flow through the cylinder. There is a definite
possibility of intermixing of water from other than the desired sampling
depth and particularly so inafew individual samplers equipped with valves
inside of the sampling cylinders. The samples obtained, although nét ac-
tually instantanecus, are not sufficiently integrated with respect to time
to secure a mean wvalue of the fluctuating sediment concentration. The
samples collected by all vertical pipe samplers described in this report

must be transferred to other containers for transporting to the laboratory.
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Z4. Instantaneous vertical samplers--An instentaneous vertical sam-

pler congists of a vertical cylinder which drops instantaneously and seats
upon a flat plate, trapping a sample from the supposedly undisturbed stream
flow. The sample cylinder, released by a messenger welght dropped down
the suspension line, falls of its own weight or is forced downward by a
coil spring. Illustrations of several typical samplers of this class are
gshown in Figs. 13 to 20. Other samplers using almost the same principle
of operation as several shown in these illust;ations,l but more in the
classification of the simple vertical container sampler, are shown in
Figs. 14 and 17. Descriptions of the individual samplers of this class
ére given in Sections 52 to 57. An objective, and the principal advantage,
of this type of sampler is to minimize disturbance of the stream flow
before the sample is trapped.
Only two of the adverse features discussed in Chapter IX are char-
acteristic of the vertical instantaneous samplers. These are:,
a. The instantaneous action necessitates taking a series
of samples to secure the mean of fluctuating sediment concen-
trations. ‘
b. The non-removable sample container necessitates trans-

ferring the samples to other containers for shipment to the
laboratory.

There 1s also the possibility that the direction of flow through the
sampling zone will be altered or additional turbulence created by the

sampler, and the sediment concentration affected thereby.

35. Instantaneous horizontal trap--The horizontal +trap sampler is

gimple and widely used in present investigations. A sampler of this type
consists of an open horizontal cylinder equipped with valves at the ends

which can be closed instantaneously to +trap a sample at any desired time
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or depth. Water is sllowed to pass througnh the horizontel pipe as the
sampler is lowered to the sempling peint. Samplers of thls class, in the
simple form, are illustrated by Figs. 21 to 30, and samplers of more elab-
orate design, streamlined and weighted, are shown in Figs. %1 to 40. The
individual descriptions are given in Sections 58 to 883.
Advantageous features of the horizontal trap sampler are;
a. Relative simplicity of design and operation.

b. Wide range of adaptablility to shallow and deep stireams
of all velocities.

c. Abllity to sample close to the stream bed.

d. Pogltive closure of the sampler at the sampling point
to prevent Intermixing during the ascent.

Of the fundamental objections or adverse features discusged in
Chapter IX, the following appear +to be important in the instantanecus
horizontal trap samplers:

a. The ingtantaneous action necessitates taiking a series
of samples from each sampling depth if average concentration is
desired.

b. The non-removable sample container necessitates trans-
ferring the samples 1o other containers for shipment to the
laboratory.

In addition, there is probably some disturbance to the flow of water
caused by the external flap valve at the entrance. There i1s alsc the pos-
sibility that a decrease in turbulence caused by the constricted flow
through the sampler would cause a deposit of some of the coarser sediment
within the chamber and result in a sample of exaggerated sediment concen-
tretion.

Becauge of their ability to sample close to the stream bed, horizon-

tal trap samplers are used extensively under conditions encountered in
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swift mountain streams where practically all the sediment is carried near

the bottom.

36. Bottle type saniplers--The most readily improvised sampling

device for sediment investigations consists of an ordinary milk bottle,
fruit jar, or other standard container with the necessary provisions for
lowering to the sampling point. Individual samplers of this class are
equipped with various appliances for opening and closing the container.

Common samplers of this class are illustrated by Figs. 41 to %8 and are
discussed individually and more completely in Sections 62 to 81.

The bottle type samplers are provided with an entrance for the sample
varying in size from about 1/4 in. in diameter up to the regular milk
bottle mouth, The air within the bottle, displaced by the inflowing
sample, escapes through the mouth of the bottle producing a bubbling action
or disturbance at the entrance. Because some time 1is required to fill
the sampler after it is opened and because air bubbles escape through the
water entrance, the bottle samplers are often referred to as "slow
filling* or "bubbling" samplers.

It is probably an accldental property rather than a feature confem—
plated in the design that the slow filling action of the Dbottle type
samplers results, to some extent, in a time-integrated sample. In most
cases, however, it is doubtful if the time of filling is sufficiently
long to secure a sample that averages with sufficient accuracy the fluc-
tuating concentration. The time required for filling <varies with the
individual samplers and with the depth of sampling.

The principal advantageous features of the bottle type sampler are:

&a. It is simple in design.
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b. The sample contalners are removable for shipment to
the laboratory.

Bottle samplers with small openings are used in some cases to sample
by the depth-integration method. They‘are operated to collect continuocus
samples throughout the stream depth and may be lowered to the bottom and
opened, to fill while being raised to the surface, or left open to fill
while being lowered and raised.

The objectional features. listed and discussed in Chapter IX which
are particularly applicable to the bottle type samplers are:

8. It causes excessive disturbance to the flow.

b. The filling rate varies, due to a difference in pres-
sure 1nside and outside, especlally if the sampler is opened
after it is submerged.

¢. Water from depths other than at the sampling point
intermixes if the sampler is not provided with positive opening

and closing devices.

d. It is unsuitable for sampling close to the bottom or
in very shallow streams.

The disturbance at the mouth of the bottle, caused byrthe change in
direction of flow and by the bubbling action of the escaping air, intro-
duces errors of unknown magnitude.

Bottle samplers with containers of fixed volume which are opened
after being submerged, are subject to a rapid initial filling rate until
the internal and external pressures are equalized. Therefore, the rate
of filling 1s not uniform during the sampling period, and the sample se-
cured may be of ‘incorrect composition, as descrlbed in Section 42.
Althoﬁgh some samplers of the bottle +type are opened aﬁd closed at the

sampling point, there are several samplers in use which are opened at the

desired depth and left open after filling. Others are always open. The



Section 37 108

result is that considerable mixing of the sample with water from above
the sampling point may taﬁe place as described in Section 43,

The total height of a bottle sampler is generally greater than that
of other types due to the upright position of the bottle and the weights

which usually are attached below. This limits their use inshallow streams
or other situations where it is necessary to sample close to the bottom,

To allow the use of bottle samplers in deep streams, opening and closing
devices are practically essential, but in general, these devices increase

their resistance to stream flow.

87. Time-integrating samplers—-The desirability of obtaining from a
single sample of water-sediment & mean value of the fluctuating silt con-
cantrationg occurring at a single point has resulted in the development
of several time-integrating samplers. In general, the sample containers
are filied giowly and continuously over a period of time ranging frem 10
t2 80 sec. for the various samplers. Individual samplers pf this type are
described in Sections 82 to 90. The Rock Island time-integrating sampler,
described in Sectlion 91, collects a series of small instantaneous samples
from a sampling point to comprise the average sample.

An important feature of most of the time-integrating samplers, dis-
tingulshing them from the ordinary bottle samplers which, in some respects,
may also be considered slow fillling and time-integrating, is that the
ganple intaks and air exhaust tubes have been separated. The escaping
air causes no disturbance to the inflow as the sampler is filled. The
irntnke tubs or orifice 1s pointed directly into +the current, so as to
elimine e n change of direztion of the flow at the intake.

A time-integrating sampler fitted with an opening mechanism is
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lowered to the sampling position with the filli?g device c¢losed, and 1if
fitted with & closing mechanlsm 1t 1s closed before ralsing the sampler.
In thls manner, mlxing the sample with water from cther levels c¢an be
avelded. If the sampler does not have elther an opening or a closing
mechanism, the sampler is lowered to the sampling position and after being
filled it is raised again as rapidly as possible, in order to reduce to a
minimum intermixing of the sample with water from other layers. If the
sample contalner is of the fixed volume type 1t 1s not practicable to
lower the sampler fast enough to avoid considerable mixing of the sample
with water from layers above the sampling point, particularly if this
point is at considerable dspth.

In the depth-integration method of sampling, which 1s extensively
used at present, the time-integrating sampler 1s lowered to the bottom
and ralsed again at a uniform rate, collecting the sample continuously
throughout the stream depth. If the rate of translt is not too rapld, the
pressure inside and outside the container will be balanced and the filling
rate will he substantially a function of the stream veloclty. A time-
Integrating sampler of the collapsible container type, with intake facing
directly into the current, wlll have a rate of filling which 1s approxi-
mately proportional to the stream wvelocity and practically independent of
the depth. This characteristic 1s highly desirable in a gsampler operated
by the depth-integration methed. Furthermore, when used to take time-
integrated samples, thls type of sampler eliminates the uneven filling rate
and attendant error 1in gilt concentration of the sample which occurs in
uging a fixed-volume container, due to the presence of sub-hydrostatic

pressures within +the contalner when it is opened after being submerged.

{
+
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3. Pumping samplers--The method of sampling in which the water is

pumped from the desired sampling point has several advantageous features:
a. By directing the intake of the suction hose into the
current and regulating the intake velocity it should be possible
to obtain an undisturbed sample representative of the sediment
concentration in the stream.
b. A specimen of any desired volume can be obtained.

¢. By sampling over an extended time, the sample obtalned
will glve an average value of sediment concentration.

The disadvantages of this system with equipment used heretofore, are:

a. The equipment 1s too bulky for portabllity and not
adaptable to sampling from small boats or cableways.

b. The larger particles of suspended sediment tend to seg-
regate and settle as the water 1s raised through the suction

pipe or hose, which necessltates maintaining a velocity in the

hose higher than the fastest settling rate of the sediment.

¢. The veloelty in the intake of the sampler must be reg-
ulated so as not +to produce divergence, convergence, or change

of direction of flow lines.

d. The reslstance of the sampling hose to the current
limits the veloclties and depths in which the pumping samplers

may be used.

€. The vertical distance from the water surface at which

this type of sampler can he operated 1s 1imited by the helght

to which a sample can be ralsed by vacuum.

A common water 1ift pump has been used in some investigations, but
in the more recent system, as 1llustrated by Flgs. 70 to 73, a hand pump
was used to produce a vacuum to lift the water into the sample container.
A siphon was used to some extent in Sind, India, in which the desired
siphon head was produced by lowering the discharge pipe to various depths
into a deep sample container partlally submerged in the stream. A note-

worthy boat installation, consisting of a hand pump, sampling hose,

and centrifuge for anaslyzing the samples, is described in Section 94.
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39, Photo-electric analyslis--A photo-electric method of investi-

gating the suspended sediment concentration of streams as described by
Jakuschoff (29) has been used by a few observers, but invariably it has
been abandoned as impractical. In the application of the photo-electric
cell to study the turhildity of water, allght source of constant inténsity
provides the beam which is passed through the suspenslon to the phbto—
electric cell., The intensity of an electric current through the cell, as
indicated by a galvanometer, varies as the intensity of the light beam at
the - cell and 1s 'thus a measure of the turbidity or light transmitting
~ properties of the suspension.

In the previous application of this method to the study of sediment
concentration in streams, calibrations were made upon known samples to
eétablish the turbidity-concentratlon relationship. The factors, other
than sediment concentration, affecting the turbldity; namely, the proper-
ties of the suspended medium and the light beam, and the size, suape,
color, and surface characteristics of the sediment particles, were
agsumed to remain constant during observations or between calibrations.
The reliability of this assumption depends upon the nature of the stream
and its sediment. Theoretically, both the concentration and size distri-
bution of the sediment vary throughout a stream seétion so that a change
in turbidity could not be attributed directly,to‘ a variation in one of
these factors alone. Whare the sediment is known to be composed entlrely
of fine particles and that i1t is more or less uniformly distributed
throughout a stream, the method may be suffleciently reliable.

Because of the fréquent callibratlion necessary and the questionable

reliabllity, it is doubtful if the photo-electric method 1s sufficilently
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practical at present to replace a sampling ﬁrogram. It is possible, how-
ever, that 1t can be developed to indicate how often samples should be

taken in a regular gsediment investigation program.
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IX. ADVERSE FEATURES OF SAMPLERS

40, Instantaneous sampling action--Samples which are collected by

instantaneous horizontal or vertical samplers represent the concentration
at the sampling peint only for the instant of sampling. If the sediment
concentration at the poin% is subject to rapid fluctuations, as is usually
the case, a mean valus based on only one instantanesous sample is of
doubtful validity.

That these rapid fluctuations may be of appreciable importance is
1llustrated by the results of several flield tests. These field tests,
however, are representative of a range of sampling conditions sufficlently
wide only to point out that the possible existence of the fluctuations
should be consldered. In a test conducted In the Mississippi River by
the U. S. Engineer Digtrict Office, Rock Islandi, Illincis, several near-
ly instantaneous samples were collected simultaneously from the river
surface at points spaced on a line parallel to the stream flow. The
sediment concentrations were found tovary as much as 100 per cent between
samples. The conditions of this test were quite normel and representative
of numerous medium sized rivers.

Gontcharoff (29) conducted tests in the Kuban River, Russia, in which
he collected a series of instantaneous surface samples at 5-min. intervals
and a series of bottom samples at 10-min. intervals. The results showed
variations of 16 per cent from the mean concentration of the surface
samples, and variations of as much as 60 per cent from the msan concen-

tration of the samples obtained near the bottom,

41, Disturbance of flow characteristics--It is readily apparent




Section 41 114

from & gtudy of the various samplers in use that, in varying degrees,
they change the flow characteristics in the immediate vicinity of the
sampling point. These disturbances or changes in direction of flow or
velocity may cause segregation of suspended sediment from the water and
the samples collected will not represent the sediment content of the
gtream, Because the sediment particles possess greater density and
momentum, they will tend not to follow the water in its changes of direc-
tion or velocity. OSufficlent data or analytical methods are not available
at the present time +to permit a satisfactory evaluation of this possible
source of error. Nevertheless, it 1is obvious that certain types of
gamplers, or their modes of action, do affect the flow characteristics,

The vertical pipe, bottle, and certain of the time-integrating
samplers, cause the water to undergo an acute change of direetion in
passing through or into the sampler, The flow through the sampling tube
of the instantaneous horizontal trap sampler is usuglly considered to be
practically undisturbed, but it may be affected to a considerable extent
by the flap valves, or any other portion of the sampler protruding ahead
of the sampling tube,. Sume instantaneous vertical trap samplers are de-
signed to minimize the disturbance of flow in the sampling zone with
varying degrees of success. The most obvious disturbance, considering
ali types of samplers, occurs at the mouth of the ordinary bottle sampler
where air bubbles must escape through the inflowing sample.

Even the samplers in which the intake conditions have more nearly
approached the ideal, with intakes facing directly into the current, may
cause changes of flow characteristics sufficient to introduce error in

the sample. If the velocity into the intake is greater or less than the
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velocity of approach, tne flow will converge or diverge and consequently
the sediment particles will tend to separate from their respective flow
lines. This effect probably increases with increasing particle size. The
effect of a sampler upon the surrounding stream flow will be less serious
if the intake is placed ahead of the sampler prorer.

When sampling near the stream bed, currents may be set up due to the
presence of the sampler, which will cause mixing or raising of bed material
into suspension so that it may enter the sampler -and introduce appreciable
error in the sample. This is a factor to consider in the field oéeration

as well as in the design of a sampler.

42, Filling due to initial pressure differential--Any sampler with

a sample container of fixed volume, which is closed while being lowered
to the sampling point has an air pressure inside which is less than the
hydrostatic pressure on the outside surface. Thus, when the sampler is
opened water rushes into the container at a very rapid rate compressing
tae air until the statlc pressures are equalized. The pressure differ-
ential and, consequently, the rate of inflow and volume of sample collected
during this initial period are dependent upon the depth of submergence.
The time required for pressure equilibrium to take place depends upon
many factors and, neo doubt, wvaries with the different samplers, but there
is reason to helieve thnf it usually tales less than one second. After
the pressures are.equalized, the remaining capecity of the sampler fills
slowly as the air escapes and is replaced by the water,

The proportion of the sampler capaclty which will be filled during
this initial period can be computed on the basis of Boyle's law, as it

cdepends upon tie change in volume of the inclosed air when compressed by
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the water pressure at the sampling point. For example, at a depth of 33
ft., where the absolute water pressure is two atmospheres, the air will
be compressed +to one-half its original volume and the sampler will be
filled to one-half of its original capacity when the pressures are equal-
ized., At a depth of 66 ft. the absolute water pressure is three atmos-
pheres and the air in the sampler when opened will be compressed to one-
third the original volume; two-thirds of the sampler volume will be filled
by the sudden inrush, Ileaving only one-third to receive a sample at a
uniform rate.

This initial inrush occurs in all of the bottle type, and in =2ll of
the time-integrating type samplers except those which collect the sample
in a collapsible container. It occurs not only when such samplers are
closed while being lowered to the sampling point and then opened, but
alsc in fixed container samplers with small port openings, which are
lowered rapidly to the sampling point with the filling port open. This
practice is often used on the assumption that the inflow during the
descent is negligible. It is believed that in most samplers, this fill-
ing takes place so rapidly that by the time a sampler has been lowered to
a measuring point 33 ft. below the surface the container will be half
filled, even if it were lowered quite rapidly.

The fellowing effects of this initial inrush, orpressure differential
filling, are obvious:

&a. A large part of the sample is taken in a very short

time and the remainder over & longer interval, resulting in a

sample which does not represent the average concentration ex-

isting during the sampling peried.

b. The initial filling may be so rapid that the stream
lines of the flow entering the sampler are abruptly deflected,
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which may cause &a separation of the water and sediment,'and
thus give a sample which indicates less than the correct quan-
tity of sediment.

¢. When an open sampler is lowered into the stream an

appreciable mixing of the sample with water from above the
sampling point will take place.

4%, Mixing of sample with water from above the sampling point--

Samplers of the vertical trap type collect samples which contain, to a
greater dr leager extent, sediment from above the level of the sampling
point, saince when the sampler is lowered, the water meets with some re-
sistance from its valves and in flowing through the vertical tube. There-
fore, some water from higher layers is carried along with the sampler as
it is lowered, and is entrapped when the sampler is clesed. The extent
to which this intermixing takes place is proportional to the resistance
to the flow through the tube, but no data ére available from which the
magnitude of +this mixing can be determined, Various samplers of the
bottle and time-integrating types, used to collect point samples, are
not provided with opening and cleosing devices, Qthers are provided with
devices for opening only. In either case, the assumption is made that
errors introduced due to the inflow into the sampler from points other
than the desired sampling point are negligible, In using these samplers
they ~are lowered and raised as rapidly as practicable to minimize this
effect, As indicated in the discussion of initial filling due to pressure
differential in Section 42, 1f such samplers esre of the fixed volume
container type, the water from higher levels will flow in rapidly as
the sampler i1is lowered, so that, if the depth of the sampling point
is considerable, an appreciable part of the sample is collected <Irom

higher layers.
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Considgrable mixing may take place by flow into certain types of
samplers, even after they are filled, if they are not provided with
closing devices. This is illustrated by a simple test conducted by Mr.
C. S. Howard of the U. S. Geological Survey (24)}). An ordinary bottle
sampler was filled with clear water, closed, and lowered to the sampling
point. There it was opened, and raised quickly to the surface. BSome of
the samples were found to have sediment concentration as high as 25 per
cent of the stream concentration.

The possibility of intermixing in horizontal trap type samplers is
. probably eliminated if tﬁe valves are tight {itting and there 1s rela-

tively unobstructed flow through them for some time prior to sampling.

44, Inability to sample close to the bottom--It is evident that

samples must be taken close to the bottom of a stream 1f an accurate
determination of the slzes of the material carried is to be obtained. 1In
most streams the greater part of the coarse material is carried along
very close to the bottom. Unless a sample is taken in this zone, these
coarse g8izes may be almost entirely absent from the sample. In many
problems, this class of material 1s of primary importance and failure to

gecure accurate samples of it may lead to very unsound conclusiocns.,

45, Non-removable sample containers--In a number of the bottle-type

samplers, and in practically all of the instantaneous trap samplers, the
sample container is an integral part and not removable. This necessitates
transferring the samples to other containers for transporting to the
laboratory. In thils transfer there is a possibility of losing some of

the sediment as 1t may settle out and adhere to the original container,
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Although the amount of sediment lost in this manner may be very small and
almost unnoticeable, it may in some cases be a considerable percentage of

the total sediment in the sample.

¢6. Limited adaptability--An adverse feature of existing samplers

is that +they have, in varying degrees, limited adaptability to field
conditions. The degree depends to a large extent on the basic principle
of action, the exterior design, and tinenecessary appurtenances, including
the suspension and control cables. Many samplers are suitable only for
use in very large streams and others to very small streamg, with few, if
any, suitable for both.

Bulky, wunstreamlined samplers,- exposed -and complicated operating
mechanisms, or extra’éuspension or operating cables, may ~ause excessive
resistance in swift currents. This resistance, or drag, causes a sampler
to drift downstream and malkes location at the desired sanipling point rore
difficult. Weights, added to decrease the drift of a sampler, increase
the difficulty of handling, and when suspended beneath the sampler they

interfere with sampling close to the siream bed.

-t
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X. DESCRIPTION OF INDIVIDUAL SAMPLERS

47. Bumphreys and Abbott keg sampler--The Humphreys and Abbott keg
sampler was used for suspended sediment 1investigations conducted by
Professor Forshey in 1851 in the Mississippi River at Carrnllton, Loulsiana.
The sampler consisted of a small, weighted keg, equipped with a large
flap valve in each end. The flap valves were actuated by the water re-
action, opening upward as the sampler ias lowered and closing as the sam-
pler was stopped at the desired sampling point. Thus, the water-sediment
passed through the keg until the valves closed at the sampling point.
| Other samplers, differing from this original keg sampler iu details
of the sample contalner and type of wvalves, but operating on the same

principle, have bcen used extensively in past investigations.

48. Johnpon vertical trap sampler--The sampler, illustrated in Fig.
9, was designed by Mr. J. B. Johnson for the suspended sediment investi-

gations in the Mississippl River at Helena,
Arkansas, 1in 1879, It consisted of a vertical,
galvanized iron cylinder to which were hinged two
1ids opening outward from the ends of the ;éylinder.
Prior to sampling, the lids were held in the open

poaition by a catch mechanism. When a trigger

arrangement below the sampler touched the stream

bed, the lids were released and they closed upon

the ends of the sample cylinder under the action

of heavy rubber bands connecting then.
Fig. 9--Johnson ver-

The Jobnson sampler, featuring a completely tical trap sampler.
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open sample cylinder, allowed free passage of the water during the descent
to the stream bottom. The Humphreys and Abbott keg sampler, the earliest
design of the same type, was not satisfactory because the valves in the
ends of the sampler container restricted the flow of water through the

sampler,

49. New Orleans District, U.S.E.D., vertical trap sampler—-The

First New Orleans District of the U. S. Engineer
Department developed the vertical trap sampler,

shown in Fig. 10, for use in recent sediment in-

vestigations in that district. The sampler con-
sists essentially of a 2-in. pipe, 14 in. long,

suspended vertically with a rubber ball valive at

each end. The balls are held in the open position

against the tension of springs within the pipe by

a trigger catch mechanism and are released to

close the pipe at the desired sampling depth when Fig. 10--New Orleans
Distriet, U.S.E.D.,

a weight, dropped down the suspension cable, falls vertical trap sampler.

upon the trigger.

50. Vicksburg District, U.S.E.D., vertical trap samplers--The

Vicksburg U. S. Engineer District in recent investigatioha has used and
experimented with samplers of the type shown in Fig. 1ll. The samplers
consist of sections of pipe, suspended in a vertical position, provided
with flap valves which are operated by the water reaction. The valves,
as in the original Humphreys and Abbott keg sampler, are held open by the

water reaction as the sampler is lowered and are closed instantaneously
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when downward movement of the sam-
pler ceases. The water-sediment
sample 1g trapped in the pipe at
the time the valves are closged.

Other samplers of the same
basic design have been used to
some extent in recent sediment

investigationg but are not in

general use at the present time.

Fig. 11—Vicksburg District, U.S.E.D.,
51. Riesbol pipe sampler—- vertical trap samplers.

The Riesbol sampler, shown in Fig. 12, was developed by Mr. H. S. Riesbol of
the Watershed and Hydrologic Studies Section of the U. S, Soil Conserva-
tion Service. It consists essentielly of a sec-

tion of 2-in. pipe, of a length somewhat greater

than the maximum sampling depth, mounted in a

pipe
=leevs 7

== simple frame that guides the pipe vertically and

holds a base plate on which the lower end of the
o vipe | pipe can be sealed. In wusing the sampler the
guide is placed in the stream with the base plate

resting on the bottom and the pipe is raised out

SwmnnMMB'J & of the water. The pipe is then thrust downward
Pt e through the water and seated upon the bage plate
Approxisately to scals 1110 cutting s water-sediment sample from the entire
Fig. 1l2--Riesbol pipe
sampler. depth traversed. The sampler is considered to be

practically instantaneous in action and the sample obtained an average

from the entire depth of the stream.
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Major Allen Cunningham madé use of this method of sampling in the
Ganges Canal in the years 1874 to 1879, thrusting a 12-ft. section of
pipe downward through the stream section. The pipe was closed at its
lower end by & movable 1lid actuated by a strong spring. Complete detalls

regarding the action of the valve are not avallabla.

52. Eckman sampler--In the Eckman sampler, 1llustrated in Fig. 13,
the sample 1s - trapped in a vertical cylinder between a top and a bottom

cover plate. While being lowered to the

ABLE

sampling depth the cylinder 1s suspended MESSENGER
above the lower plate and the upper

plate is suspended several inches above

the top of the cylinder. When the catch
mechanism 1s released, by dropping a
messenger welght down the suspension

cable, the upper ild drops down upon the

top of the cylinder ana, simultaneously,

the upper lid and cylinder together drop ﬂh””nm"
down upon the lower lia, thus trapping Fig. ls-—Eckmgp sampler.
the sample in the cylinder. A weight below the sampler i{:suspended from
the upper lla to actuate the downward movement of the top 1id and the

cylinder.

. 53. Modified Foerst sampler--The modified Foerst sampler, shown in

Fig. 14, 1is being used by the U. S. Bureau of Reclamation in present silt
density 1investlgations in Lake Mead, the reservoir of Boulder Dam. It

was made by the Foerst Mechanicali Specialties Company of Chicago,
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= =l

TOP OF SAMPLER

Fig. 14--Meditied Foerst sampler.

Illineis, and modified for the specific conditions of Lake Mead.

The sampler consists of a vertical cylindrical sample ccrntainer of
transparent lucite which slides upon a vertical concentric shaft. In the
open position the cylinder 1is suspended 2 in. above the bottom stopper
which is permanently attached to the Lower end of the guide shaft. The
cylinder isheld in this position by a chain attached to the upper stopper
which, in turn, 1s held at the top of the guide shaft by a catch mechanism
so that the wupper stopper 1is 2 in. above the top of the cylinder. 1In
this pesition the sampler is lowered to the sampling depth, the water
being free to pass through the <container. At the desired depth, a
messenger weight dropped down the suspension cable trips the dogs which -
hold the upper stopper. The stopper and the cylinder fall simultaneously,
sealing the lower end of the cylinder upon the bottom stopper and closing
the top of the cylinder with the upper stopper, thereby trapping the
sample. A lead band may be placed around the cvlinder or weights may be

suspended below the sampler when needed.
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54. 8lip bottle samplers--The slip bottle instantaneous vertical

trap samplers, shown 1in Fig. 15, were used by the Misslssippl River
Commission for observatlons 1in the Mississippl and Missouri Rivers from
1872 to 1881, The slip hottle consists of an iron cylinder 8 in. in
agiameter 6 in. long, which moves along a vertical concentric rod. Two
iron disks are fastened to the rod separated a distance equal to the height
of the cyiinder, the upper disk acting as apiston inside the cylinder, and
the lower disk acting as & seat for the cylinder in the closed position.

Prior to sampling, the
cylinder 1is supported in
the open position bya catch
mechanism. When the sam-
pler has been lowered to
the desired sampling point,
the cyiinder is released by

a pull on an auxiliary line

and falls upon the lower

Single Double
disk to trap the sample. Fig. 15~-Slip bottles, instantaneous

tical lers.
The double slip bot- vertical samplers

tle, a later design, has two separate and identical bottles of smaller
capecity. The sampie is trapped in small rectangular slots of a modified
piston. Instead of having two disks on a common axis, the modified piston
is a single unit of helght equal to that of the cyiinder with two vertical
rectangular slots through the piston at right angies to each other which
allows the passage of water when the cylinder is raised and contain the

trapped sample when the cyliinder dfops down over the piston. The capacity
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of the slip bottle sampler was reduced from 1/2 gallon to about 1/4 pint

by the change in design.

55. Beach &and Shore Erosion Board sampler--The Beach and Shors

Erosion Board sampler, shown in Fig. 16, consists essentially of a cylin-
drical sample chamber with a piston type valve mechanism for opening and
closing the intake ports into the chamber. The valve mechanism conslsts
of 8 piston within the gsample chamber connected by & rod to anothe.
plston above the sample chamber. The upper piston, with the attached

valve, 1s operated by air pressure which forces it down againsgt the
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Fig. 16--Beach snd Shore Erosion
Board instantaneous vertical sampler.

compression of a coil spring. The air pressure is supplied to the sampler
through‘ a hose from a pressure tank at the surface. Prior to sampling
gufficient alr pressure is maintained above the upper piston to keep the
valve down and the ports of the sampler closed. At the desired sampling
point, the alr pressure is released and the piston 1s raised by the

action of the coil spring, -allewing the water-sediment sample to enter the
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chamber through the open ports. After a few seconds interval the air
pressure is agein applied to the upper plston, forcing it down and en-
closing the sample in the chamber.

The sampler as origlnally designed was the same in principle and
action but was operated manuvally instead of with air presasure. The valve
was lifted to open the sampler by pulling
on an auxiliary or operating line connected
direct to the piston rod and closed when
the line was released.

Samplers of this design, for both

manual and gas pressure operation, have

been developed 1in two sizes; the large

size as 1llustrated in Fig. 16 of 740 cc.
capacity for offshore or deep stream sam-
pling; and a small size (not illustrated)
of 85 cc. capacity for sempling in shallow

water.

56. New Orleans Sewage and Water Open Closed

Fig. 17--New Orleans Sewage
Board sampler--The sampler, shown in Fig. ;.4 water Board instantaneous

vertical sampler.

17, was developed by the Sewage and Water
Board of New Orleans, Louisiane, and 1s used in the present investlgations
of the Second New Orleans U. S. Engineer Digtrict. It consists princi-
pally of a sample cutter a of 24-in. brass pipe, =25 in. in length, which
moves vertically upon a 40-in. length of 5/8 in. brass rod b. To the

lower end of the rod is attached a base ¢ which acts as a seat for the

cylinder in the closed position. Approximately 12 in. above the base
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plate, attached to the rod and machined to fit the inside diameter of the
cylinder is a piston that guides the cylinder and acts as an upper valve.
A trigger catch mechanism d at the top of the rod supports the sample
¢cylinder preparz-ory to sampling. At the aesireda sampling depth the
cylinder is released by & messenger weight e dropped down the suspension
cable, falls of its own weight, seats upon the lower base, and thereby
traps the water-sediment sample. Two air cocks are provided in the side
of the cylinder to facilitate draining the sample into a container for

shipment to the laboratory.

57. Eakin sampler--The Eakin sampier, shownin Fig. 18, was designed

by Mr. H. M, Eakin for the Memphis U. S. Engineer District for use in the
Mississippli River, and 1is now used ex-
tensively by the U. S. Soil Conservation
Service and cther agencies. It consists
essentially of a cylindrical cutiter tube
¢ which slides down over an upper disk
or piston b and seats upon a lower disk
a to trap the water-sediment sample.
Prior to sampling, the cutter tube is
held in the raised or open position by
a catch mechanism, and, when released by
a mescenger weight  droppea down the

suspension csble, it snaps downward under

the action of a heavy colled spring

Fig. 18--Eaxin instantaneous
housed in the sampler. vertical sampler.
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A more recent design of the Eakin
sampler, ghown in Fig. 19, has been
evalved from extensive experimentation
by the U. S. Soil Conservation Service
at the California Institute of Technology.
This sampler 1is streamlined to reduce

its drag or resistance to stream flow.

Open Cloged

Fig. 19—New Ealdn single
sampler.

It 1s altered further to reduce obstruc-
tion and disturbances at the actual point

of sampling. A multiple sampler of the

pame type 1s 1llustrated in Fig. 20.

. tal h Open Closed
58. Lelts horizontal sampler—The  py. o4 oo Bakin multiple
Leitz sampler, shown inFig. 21, has been sampler.

ugsed by Mr. C. T. Johnston and was described by him in a report, "U. S.
Irrigation Investigations for 1900" publighed by the U, S. Depertment of
Agriculture. The sampler congists primarily of a brass cylinder 1 ft.
in length and 5 in. in diameter. The cylinder is closed at both ends by
disk type doors which swing on a horigzontal shaft parallel to the axis

of the cylinder. Prior to sampling the doors sre held in the open posi-~

tion by amall rods which protrude beyond the enda of the cylinder. When
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IR0 LIV AT
Nidad A G

L] L ELEvATION

Fig. 21--Leitz horizontal sampler.

the sampler is at the desired sampling point & pull on an suxiliary line
releases the rod-catches allowing the doors to close quickly and the
sample is trapped within the cylinder. The swinging doors have not proved
to be entirely satisfactory and the sampler is not used in present day

investigations, but it is of nistorical value.

59. Miscellaneous horizontal trap samplers--Numerous samplers of

the horizontal trap type have had extensive use in sediment -investigs-
tions. They consist essentially of a horizontal cylinder or box through
which the water-sediment 1is allowed to flow until the sample is trapped
by valves which are <¢losed suddenly on the ends of the cylinder.
A number of these samplers will be described with a brief discussion
of their individual valve mechanisms.

The modified Collet sampler, shown

in Fig. 22, which has been used by the

Port of Bordeaux Authority, consists of

a horizontal container attached to a

Flg. 22--Modified Collet
rigid vertical rod. Flap valves open horizontal sampler.
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downward, remaining in the open position prior to ssmpling. They are
closed agalnst the ends of the sample cortainer and held {here by con-
trol lines {rom the surface.

The Hjiulstrom samplef,
shown in Fig. 23, used by Mr.

Filip Hjulstrom in hie studies

b of the iiver Fyris, Sweden,
Fig. 23--Hjulstrom horizontal sampler. is r tubular container at-
tached with axis normal to a section of pipe or handle, and is provided
with flap valves hinged at the bottom side of tre cylinder. The valves are
held in the copen position by tension MESSENGER

springs connecting them and are closed

by the springs upon being tripped

by 8 pull on the operating chain.

The Swedish ssmpler, shown in
Fig. 24--Swedish horlzontal
Fig. 24, is describec by Jahuschoff sampler.
as having a sample container of rectangular section with the end flap
valves hinged at the top and held in the open position bya trip mechanism

until released by a messenger weight.

The Jaukows¥y s-mpler, shown in

1g. R4, as describiu by Jaxischolf

(29), is an open horizontal cyl-

inder provided with flap wvalves

DIAM. = 4~ Y hinged =t the tes. The valves are
LENGTH =10
held ia tne open position by hinged
Fig. 25--Jaukowsky horizoutal
camplar cotches whien, when released by e
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pull on auxiliary lines, allow the valves to close.

The Italian horizontal sampler, shown in Fig.
26, is used by the Hydreulic Authority of Venice,
Italy. The horizontal cylindrical sample container

is attached to a rigid vertical handle. The flap

velves, hinged to the top of the container, are con-
nected by iines to a sleeve which slides upon the

suspending handle. The valves are held in the open

positior. against tension of coil springs when the
Fig. 26--Italian
horizontal sampler. sleeve 1is held in the upper position by a hinged

catch. Upon reiease of the catch, by a pull on an auxiliary line, the

sleeve is allowed to fail eand the valves are closed tightly upon the

sloping ends of the gasmple container.

The sampler used by the Swiss [Federal
Authority, of Bern, Switzerland, shown in
Fig. 27, consists of e horizontal sample
container of rectangular section. It is

attached to a rigid handle Dby a pin con-

nection s¢ that the sampler may be easily

1
2

tilted for emptying its sample. The flap Fig. 27--Swiss Federal
Authority horizontal sampler.
doors at the ends of the sample container
are hinged at the top and remain in the closed position except when held
open by tension on auxiliary lines.
A horizontal trap sampler, itiustrated in Fig. 28, used by the South

Pacific U. S. Engineer Division, has a horizontal cylinder with weights

and guide fins attached below. The sampler is suspended by two separate
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lines connected through a toggle .Lever

system +to flap valves at the ends of

RAISING  (INE

the cylinder. The line used for low- LOWERING LINE

ering the sampler holds the flap valves

open and the line used for raising the

sampler holds them closed tightly over

the ends of the cylinder.

The Appalachian Forest Experiment

Station sampler, shown in Fig. 29, is

=1y
o@q' 4 STEEL B4

L_/_,_\il 3 'u

Fig. 283-—South Pacific Division,
U.5.E.D., horizontal sampler.

]

long handle. The open endsare equipped
with doors which are hinged at the top
Fig. 29--Appealachian Forest Exper-

iment station horizontal sampler. apd held in the open position against

the tension of two springs. Wwhea the trip mechanism is released by a

pull on an auxiliary line, the valves are closed quickly by the springs.

60. Sind sampler--The Sind
sampler, shown in Fig. 20, was de-
veloped in the Province of Sind,
India, for trapping undisturbed
water-sediment samples. It con-

sists of a rectangular horizon-

tal conduit with semicircular Fig. 20--Sind sampler.
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band type doors housed in the sides. Prior to sampling, the doors are.
held in the open position by & catch against the tension of coil springs.
A trip mechanism, released by a pull on an auxiliary suspension line,

allows the doors to rotate and close the ends of the conduit.

61. Tait-Bincxley gampler—-The Tait-Binckley sampler, shown in Fig.

31, was designed by George S. Binckley and C. E. Talt of the Bureau of
Public Roads to trap instantaneous samples from relatively undisturbed

stream flow in sediment investigations in canals of the Imperial Valley.

A
e i—

Sample chamber open. -Sample chamber closed.

Fig. 31--Tait-Binckley sampler.

The sampler c¢onsists essentially of three c¢ylindrica. metal tubes of
equal diameter mounted coaxialiy on line 1in a horlzontai metal <Irame.
The middle tube which is the sample container, is mounted in the frame
in Dbearings so that it is free to rotate about its axis and is ctonnected.
to the two rigidly mounted end cyiinders by sections of thick rukter
tubing. To trap the sample, the middlie section is rotated by pulling on

ap auxiliary line wound around that section, thus twisting the rubber

sections and seallng the water-sediment sample in the middle section.
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62. Smetana sampler of the Czechoslovakian Government--The Smetana

guspended sediment sampler, shown in Fig. 32, is suspeounded directly below
a streamlined current meter. One relatively compact, streamlined unit
thus furnishea both velocity and sediment measurements. The sampler

consists of an open horlzontal cylinder which is closed by means of flap

Fig. 32--Smetana sampler and current meter
of the Czechoslovakian Government.

valves. The sampler is unique in that the flap valves are held open by a
fuse of soluble salt and cleose instantaneously when the fuse is dissolved.

About 3 min. 18 requlred for the fuge to break, allowing sufficlent time for

the sampler to be lowered to the depth of sampling.

63. Tennessee Valley Authority horizontal

gamplers--The Tennessee Valley Authority devised
the gampler, shown in Fig. 33, for use in a wide
varliety of conditions. It consists of a horizontal
¢ylinder cast inside a brass weight with a flap
valve hinged Just above the opening at each end.
It is suspencded about a horizontal axis normal to

stream flow which permits the sampler to point

directly into the current irrespective of down-

Fig. 33--T.V.A.
stream drift. The valves are held open by a simple sampler.
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catch mechanism on top of the body, which can be released by a pull on an
auxiliary line. A spring through the sample tube closes the valves in-
stantaneously and holds them closed., The sampler has sufficilent weight

for ordinary conditions in shellow rivers. How-

ever, additional weights can be suspended below
the sampler when needed.
The sampler, shown in Fig. 34, 1is en early

design wused by the Tennessee Valley Authority

Side view. Front
view.

Fig. 45--T.V.A. sampler, streamlined design.

Early design.
Fig. 34--T.V.A.sampler.

and Fig. 35 shows a later development. The latter is strcamlined and has
an entirely enclosed trip mechanism, Plates may be added to the bottom

to 2id in sampling near the stream bed or weights may be added if needed.

A lightweight ddaptation of the early design
is shown 1n Fig. 36. Without the weight shown
this type is particularly advantageous in shallow

streams and for sampling near the stream bed.

64. Allegheny horizontal sampler--The Alle-

gheny sampler, shown in Fig. 37, was designeda by Fig. 36--T.V.A. sam-
pler, lightweight
Mr. H. P. Fry at the Allegheny Forest Experiment design.
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Station of the U. S. Depa:‘ment of Agriculture. The gemnlzar conslats of
a horizontal cylinder, encased in a streemlined shell and equipped with
a rubber faced butterfly valve near each end. The wvalves, mounted within
the cylinder on vertical axes, are actuated by a long coil spring which

18 connected to pulleys at the top.of each valve axis. Prior to sampling,

End view. Top view.
Fig. 87—Allegheny horizontal sampler.

the valves are turmed parallsl to the axisg of the cylinder and held in the
open position, again8t the tension of the spring, by catches on thé
pulleys. When the catches are releesed by an auxiligry line, the vmlves
rotate to the closed position, perpendicular to the axis of the cylinder.

The cylinder and the entire valve mechanism are completely encased
in the B8treamlined shell, the bottom of which may be loaded with lead
shot to provide the necessary welght. Guide vanes attached to the sampler

orient it with the current.

65. Vicksburg Digtrict, U.S.E.D., horizontal ssmpler--The sampler

developed and used by the Vicksburg U. S. Engineer District, =as shown in

Fig. 38, consistg essentially of a 1-in. brass plpe through the center of
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a streamlined welght. The pipe 18 provided with a plunger type valve at
each end which are closed by the welght of the eampler ae its base plate

contacts the stream bed.

400aL MECK TO B LD
FOR BAMMES FROM THL

The distance from the :li

base plate to the sample

tube and, coneequently, the . —% Wy
t BRABS Mg .

height of sampling point

above the stream bed, 1s LENGTH VARIABLE

variable up to about 5 ft. Fig. 38--Vicksburg District, U.S.E.D.,

by the use of extension horizontal sampler.

plpes of various lengths. A goose-neck extension for the sample pipe is
provided which permite taking sampies adjacent to the river bottom.

A later design of this sampler makes it applicable for sampling at
any depth in a stream. For sampling near the bottom the sampler 1s used
as described above, but for points more than 5 ft. above the river bottom
it is inverted and a small weight 1s dropped down the suspension line to

close the valves and trap the sample.

66. Vicksburg Digtrict, U.S.E.D., horizontal toggle eampler--in
instantaneous sampler, shown in Fig. 59, was developed by the'Vickaburg

U. 8. EngineeruDiatficp for use in deep, swift sections of the Mississippi
River as well as in tributary rivers in that district. It conaiéts pri-
marily of a horizontal cylinder attached underneath a streamlined welght.
Flap valves at the ends of the cylinder are held in the open position byr
catches and ‘are réleaaed:by a toggle arrangement either when the base o%

r

the sampler‘tests,upon the river bed or by the impact of a emall messenger
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welght dropped down the suspending cabie. Upon being released, the
valves are actuated by small hinge springs and close down instantaneously
on the ends of the cylinder.

Extensions are provided for
the base plate beneath the sam-
pler so that samples may be
obtained at any desired point

within about 5 ft. from the

stream bed. Provision is made

Fig. 39--Vicksburg District, U.S.E.D.,
whereby a current meter may be horizontal toggle sampler.
suspended at the front end of the stireamlined weight end velocity readings
obtalned at the same tims that the sediment samples are teken. The welghts
are interchangeable 8o that a slze which best adapts the sampler to the

particular stream conditions mey be used.

67. VYlcksburg District, U.S.E.D., electrically operated horizontal

gampler--The sampler, shown in Fig. 40, was developed by the Vicksburg U. S.
Engineer District and is essentially the same as the toggle trap described
in Sectlon 66. The flap valves are held open by a catch mechanism which
is released by a small solonold plunger when energized by an electric
current. When releaged, the valves are closed by the tension of & wire
spring. The entire electrical mechanism is enclosed within the stream-
lined weight and the sample cylinder is suspended immediately belaw.

For depths about 2 ft. or more above the =river bed, the desired
depth of s&sampling is set by an indicator on the sounding reel and the
current to actuate the solonold plunger is sgupplied when this depth is

reached. For sampling near the bottom a pipe of the necessary length
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Flg. 40--Vicksburg District, U.S.E.D., electrically
cperated horizontal sampler.

with a flange on the lower end 1is attached to the bottom plate of the.
sampler. Contact of the flange with the stream bed mechanically c¢loses
the switch mounted just beneath the streamlined weight and electric

current is supplied to the solonoid.

68. Electric horizontal trap sampler of the U. S. Waterways Experi-

meant Statlon--An electrlcally operated sampler has been designed recently
at the U. S. Waverways Experiment Station, Vicksburg, Mississippi, by
Mr. Spencer J. Buchanan. The sampler consists essentislly of a brass
tube suspended horizontally beneath a streamlined weight. This tube has
an inside diameter of 1 in. and iength such that the intake end extends
beyond any disturbance created by the streamiined body. The water-sediment
sample 1s trapped instantaneously when the plunger type valves, one near
each end of the tube, are closed. The streamlined flat-bottom weight
completely houses the operating mechanism of the sampler.

The plunger type valves are sctuated by a strong spring and are held
in the opea position by catches which are re.eased by a scloncid upon the

appiication of an electric current. As the sempler is lowered to the
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deslred depth, water is passing freely through the sample tube. To close
the sampler at the desired sampling point, the electric éurrent is
supplied by cloeing a switch at the surface thereby releasing the plunger
valves to trap the sample.

By the addition of several duplicate sample cylinders, each to be
operated separately, the sampler is made adaptable for taking a series of
samples over & period of time at the same depth to secure an average

sample or to allow study of fluctuations in sediment concentrations.

69. Miscellaneous bottle type samplers--The sempler, shown in Fig.

41, which was descriqu in Engineering News, May 18, 1893, is of histori-
cal interest being one of the earliest samplers of the simple bottle type.
It consists of an ordinary small-neck bottle enclosed in a metel container
and provided with a stopper which is removed )
at +the desired depth by a pull on an auxil-
iary line.

Numerous other samplers of +the same

general type, sufficing for many of the less

elaborate investigations, have been used ex-

tensively by various agencies.

A copper bottle, shown in Fig. 42, con- Fig. 4l-- Fig. 4R--Chinese

. Early copper bottle
stitutes the sampler used in the Yellow bottle sampler.
sampler.

River in China. The stopper is removed from

the bottle by pulling an auxiliary line and is forced back to close the
‘bottle by a coiled spring when tension on the auxiliary line is released.
The metal bottle is used to avoid breakage by heavy suspended material.
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The Port of Bordeaux Authority, France, devised the

an auxiliary line

sampler shown in Fig. 43.

The sample container, of
approximately 9—qt. capacity, has a small intake opening
at the top which is closed with a stopper. By pulling
this stopper is raised against the
action of & spring to allow fill;ng. Various size

springs can Dbe inserted to contrcl the height to which

Fig. 45--Port the stopper is raised thereby regulating the rete of

of Bordeaux

Authority filling the sampler.

sampler.
about 5 min.

Agencies of Sind Province, India,

Fig. 44. A small mouth copper bottle

The average

time of filling is

have used the sampler shown in

is held in a special brass frame

and is opened and closed at the desired sampling point by an auxiliary

line which raises the stopper against
the force of & coiled spring. The
spring forces the stopper back in
the bottle when the auxiliary line
is released.

The sampler, shown in Fig. 45,
used by Filip Hjulstrom (22) 4in his
observations on the River Fyris,
Sweden, consists of & small-neck

glass bottle enclosed ina wire cage.

=
ELEVATION |

i

Fig. 44--Copper
bottle sampler
used in India,

Fig., 45—
Hjulstrom
bottle sampler.

The stopper is removed from the bottle at the desired sampling depth by
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70. Yuma and Topock samplers--The Yuma

sampler, shown in Fig. 46, devised by the
0. S. Bureau of Reclemation for investiga-
tions in the Colorado River at Yuma, Arizona,
consists of a section of 2-in. iron pipe,
10.5 in. 1long, closed at the Dbottom and

fitted with a cap at the top having a hole

of only 1/2-in. diameter. The intake hole

is always open so as to collect a water-

Early type. Later type. sediment sample while the sampler is lowered

Fig. 46--Yuma sampler,
U. S. Bureau of
Reclamation.

to the bottom and raised again to the sur-
face. The later type Yuma sampler, now
being used, 1is provided with a cap that can be lifted from the cylinder
to facilitate emptylng the sample into another container.

The Topock sampler, shown inFig. 47, was used by the
U. S. Bureeau of Public Roads for sampling in the Colorsdo
River at Topock, Arizona, and consisted of a section of
2.5-in. pipe 6.44 in. long, closed at the lower end and
fitted at the top with a cap having a 5/8-in. hole. The

bottom cap was provided with a connectlion for attaching

weights to the sampler.

Fig.47--Topock

71. South Atlantic Division, U.S.E.D., bottle sam- sampler, U. S.
Bureau of

pler--This sampler, illustrated by Fig. 48, has been used Public Roads.

by the South Atlantic U. S. Engineer Division for 1nvestigations in
the Savannah River and in Savanneh Harbor. It consists of & regular

l-gqt. milk bottle mounted vertically alongside of & heavy ironm rod which
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open and held open

above the bottle. The

serves as a frame for the sampler. The
mechanism for opening and closing the

bottle 1is attached to the frame directly

stopper is held

ccwn upon the mouth of the bottie by the
pressure of a coil spring, and is pulled

for sampling by an

auxiliary suspension Line. Releasing the
Open Closed pull on the 1line closes the sampler. A
Fig. 48--South Atlantic
rl%ivision 0.5.E.D regular current meter weight 1is attached
3y YD Uy

, ler.
bottle sampler to the lower end

of the iron bar to

facilitate the use of the sampler in the river or in tidal currents.

72. Punjab bottle sampler--The sampier, shown in Fig. 49, was devel-

oped by engineers of the Punjab Irrigation Service of India for sampling in

shallow streams. I1{ consists of a small-neck bottle
held in a frame which is attached coaxially to the
end of a length of pipe. The bottle is opened and
closed manually by means of a hand lever at the top and

a roa inside the pipe connected to the bottie stopper.

73. Philadelilphia Pistrict, U.S.E.D., sampler--

The sampler, shown in Fig. 50, was developed in the
Pniladelphia District of the U. S. Engineer Depart-
ment for use as a suspended sediment sempler but

because of the weight and difficulty of handling, it

6%

u; LEVER TO
o.t LIFT
S iia STOPPER
O
%
55
"
£

HINGED
BV cLAMP

BRASS
PLATE

Fig. 49--Punjab
bottle sampler.

was used primarily for sampling close to the stream bed. The sample
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container is a large giass cylinder which 1s covered at
each end witha heavy metal plate. There are two 1/4-in.
holea in the bottom cover for the entrance of the water
and a amall hole in the top plate for the air exhaust,
all of which eare opened and closed by a large piston
rod within the cylinder.

By shifting the weight of the sampler to an auxil-

iary suspension line connected directly to the piston

Fig. 50--Phila- sghaft in the sample container, the piston is raised and
delphla District,
U.S.E.D., gsampler. the openings are uncovered allowing the weter sample to
run in 8t the bottom and the air to exhaugt at the top. Release of the
tension on the auxiliary line, after sufficient time has been allowed for
collecting the sample, &8llows the pilston to close the openings sgain.
The sample contalner is mounted from four wvertical poats of the
frame so that the helght of water entrance above tne atream bed 1s ad-
justable within the limlts of 1 to 12 in. The vertical parts are attached
to a large, flat, circular rim welighted with leed, which serves aa the

base of the sampler when resting flat upon the stream bed.
An unsatiasfactory feature of this gampler is that when used in

streams of goft bottoms it settlea down into the bed.

74. ijochsatetter bottle sampler--The sampler, shown in Fig. 51, which

has been used in Bavaria, consista of a bottle mounted in a frama so that
it can be rotated azbout a horizontal axiz. The samplsr is lowered to the
sampling polnt with the bottle lnverted. A pull on an auxiliary line
released the bottle and allows 1t to tip to the upright position and

collect the sample. A rubber ball within the bottle floats and seals



Section 75 146

the mouth of the bottle when it is
full. The inverted position of the
bottle prevents the escape of air as

the sampler 1is lowered and the rubber

ball tends to decrease premature fill-

SAMPLE

CONTAINER ing. However, in lowering the sampler

to great aepths, premature Ililing

does take g.zce due to the incressed
hydrostatic head and a  consequent

Bottle inverted, Bottle upright, decrease in the volume of air within
air prevents filled & closed

filliing. with fall float. the pottie.
Fig. 5l--Hochstetter bottle v |
sampler. !

75. Mundt bottle sampler--The sam-

pler, shown in Fig. 52, was designed by
Mr. H. W. Mundt (37) for use by the
Missouri State Bureau of Geology and
Mines and was illustrated and described
in the 1927-28 bieunnial report of that
bureau. The samo.e is collected in an
ordinary pint mitk bottle operated by

an automatic mechanism. The sample

bottle 1s placed in the sampler in the
inverted position, its mouth sealed by Fig. 952--Mundt bottle sampler.

a lower seat valve. Wwhen a messenger (a) Bottle inverted and closed.

(b) Open bottle revolving to the

weight, dropped down the suspension vertical position and facing
into stream.

line, starts the mechanism the bottle (c) Bottle wupright and closed.
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ie rotated slowly toward the current on a horizontal axis to the upright
position. At the beginning of rotation the mouth slides off of the lower
valve and the bottle is opened. It fills as it rotates and as it ap-
proaches the wvertical position the mouth of the bottle slides under the
upper valve sealing the opening.

A spring motor from a standard door check with a sprocket and chain
drive furnishes the power to rotate the sample bottle. To compensate for
variations 1n the rate of filling due to a decrease of air volume in the
gampler under increased hydreastatic pressures, and to regulate the
volume of sample collected &t any depth, the rate of rotation of the
bottle 48 controlled by a timing device and is adjustable for specific

conditiong at any particular depth.

76. U. S. Bureau of Reclamation slow filling horizouial sampler—-

The U. S. Bureau of Peclamation sampler, shown in Fig. 53, consists essen-
tially of a horizontal cylinder provided with disk type valves which are
opened and closed at the desired sampling }é
point. The valves are mounted axlally on the
cylinder and, before and after the sample is ¢ 4 .é.
collected, they are held tightly over the ends .
of the cylinder by tension of two door springs.
An auxiliary line is connected to the valves
by individual lever arms. By pulling on the

line the wvalves are pulled short distances

awsy from the cylinder providing & somewhat

restricted passage for flow through the sam- Fig. 53--U. S. Bureau
of Reclemation slow
pler. Releasing the tension 4n the auxiliary filling sampler.



Section 77 148

line closes the valves. A streamiined weight suspended benesth the sam-

pler facilitates sampling in swift streams.

77. St. Paul District, U.S.E.D., bottle sampler--The St. Paul U. S.

Engineer District bottle sampler, shown in Fig. 54, consists of an
ordinary pint milk bottle suspended in front
of a current meter weight suspended from a
cable. A lever raises the cap from tne

bottle at the desired depth for sampling

when a messenger weight, dropped down the
Fig. 84--St. Paul District, .

U.S.E.D., Dbottle sampler. suspension cable, strikes the opposite end
of tne lever. A cork float inside tne bottle rises with the sample and

closes the bottle wnen it is full.

78. U. S. Geologicul Survey bottle sampler--The suspended sediment

sampler, shown inFig. 55, used extensively by the U. S. Geological Survey,
consists essentially of an ordinary pint milk bottle “
enclosed in a tubular bhrass holaer. The mouth of the
bottle 1is throttled with a rubber insert tarough wnich
there is a small hole. Inserts with various sized holes
are usea toregulate the rate at which the sampler fills.
No provision 1is made for opening or closing the bottle.
In operation the sampler is lowered and raised through-
out the depth of the stream at such a rate as to be not
guite full wiaen it returns to the surface. It may also

be 1lowered wquickly to a particular sampling point and

allowed to collect the sample at the point before raising
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to the surface. Heavy lead welghts may be attached to tre ncttom of the

bottle holder when needed.

79. U. S. Department of Agriculture bottle sampler--The sampler shown

In Fig. 56 was used by the U. S. Department of Agriculture in studies of
/ ' the suspended sediment concentrations of streams in
Texas and 18 being used also by the . S. Engineers
in the Southwestern Division. The sampler consists
essentially of a small-neck bottle attached to an
ordinary current meter suspension bar and lead
welght. Prlor to sampling the bottle 1s closed by

a stopper which is removed at the desired sampling

depth by pulliing an euxiliery line. No provision

Fig. 56--U.S.D.A. is made to close the bottle gg)

bottle sampler.
P after the sample is collected.

A door spring prevents removal of the bottle stopper

by the current drag against the auxiliary line.

80. U. S. Geological Survey Colorado sampler—-—

The Colorado sampler, shown in Fig. 57, used by the
U. S. Geological Survey in extensive investigations
in the Colorado River, consists essentially of a

plnt milk bottle suspended in a simple frame. The

bottle is capped by a rubber insert having a hole of

Closed Open

Fig. 57--Colorado
ing. Prior to sampling the hole is closed with a sampler.

such diameter as to obtain the desired rate of fi11l-

rubber stopper. At the desired sampling soipt the stopper is removed by
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a simple lever system which 18 actuated by the impact of a messenger
weight dropped down the suspending cable. No provision 19 made for clos-
ing the bottle after the sample 18 collected. When necessary, a current-
meter weight may be suspended from the bottom of the sampler.

In an earlier design of the Colorado sampler, the bottle mouth was
capped with a regular milk bottle cap. In the cap there was & 5/8-in.
nole which, prior to sampling, was covered with heavy paper cemented to
the cap. The sampler wasg opened to recelve the sample by puncturing the
peper cover with a knife blade. The knife :
blade mechanism was actuated by the impact of

a messenger welgnt in much the same manner as

the stopper mechanism in the present design.

I
o

8l. Straub sampler--The sampler used in

the Missouri River Division, U. S. Engineer
Department, shown in Fig. 58, utilizes a pint
milk Dbottle for the sample container. The
bottle is clamped securely in the sampler frame
between two rubber faced grips, the lower one
adjustable by means of a heavy screw. Prior

to sampling, the bottle is closed by a valve

which is seated over a l-in. opening in the
Fig. 58--Straub sampler.
upper bottle grip. A trigger mechanlsm holds

tne wvalve in the closed position against the tension of a coil spring.
A messenger weight dropped down the suspension line trips the trigger and

the valve is raised to the open position. The water sample flows through
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the 1-in. opening and, when full, the sampler is closed by a cork float
within the bottle.

When sampling in high velocities, <streamlined weights are added be-
low the sampler to decrease the inclination from the vertical or the
downstream drift.

In an earlier design of this sampler, the bottle was covered with a
heavy paper cap. At the desired sampling point, a knife blade, actuated
by the messenger weight, punctured the(bottle cap and allowed the sampler
to £11l. |

82. Anderson-Einstein time-integrating sampler--The Anderson-Einstein

sampler, shown in Fig. 59, is a time-integrating type developed at the
Enoree River Experiment Station, Creenville, South Carclina, by the Soil

Conservation Service. It consists of a pint milk bottle equipped with a

two-hole rubber stopper tihrough which two

1/4-in. tubes extend, one for water intake and
the other for air exhaust. The water intake ffl

tube faces directly into the current to mini-

mize any directional change of the water-

sediment in flowing into the container. The |

air exhaust tube is bent downstream to effect

g Fig. 59--Anderson-
smooth evacuation of the air. Einstein sampler.

One or more samplers may be clamped toa rigid upright that may either
extend from the surface tothe stream bed or be suspended by a cable. The
sampler isadapted primarily tosampling shallow streams and, if calibrated,
may be used to measure the streain velocity at the sampling point. A

similar sampler was developed by Mr. 3. K. Love of the Geological Survey.
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83. Gradusted time-integrating samplers--In principle the samplers,
shown in Fig. 60, a and b, described by Jakuschoff (29), are very similar
to the Anderson-Einstein sampler. Each consists of

a graduated container with 1ntake tubes for the

al - water and siphon tubes to exhaust the air. The
Eﬁ??ﬁ‘ volume of sample collected in the Gluschkoff sampler
:ii which has been used in Russia is controlled by rais-
:gi; lng or lowering the air exhaust tube. Filling stops

Adr
pve \
&7 ./ = mwr shortly after the water
SENUR : : - Q//_\

o (:::ﬂ wgﬁ;ﬂwﬁqpﬁ'“ covers the mouth of the
i T I

a. Gluschkoff b. Jakuschoff

eir  exhaust tube. The
volume of sample collected

Fig. 60--Graduated time-integrating samplers.
in the Jakuschoff sampler

is controlled by a piston inserted 1into the container which adjusts

the capaclity of the container to equal the volume of sample desired.

84. Dutch Federal Authority

sampler--A description of the sam-
pier, shown in Fig. 61, recently

developed and used by the Dutch Fed-

eral Authority, has been received

from Professor J. T. Thijsse of

Delft, Holland. This sampler oper-

ates as a sedimentatlon chamber, the

water-sediment flowing through a i a0, #)

relatively small intake into & large :
Fig. 61--Dutch Federal
chamber with a resulting decrease in Authority sampler.
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velocity. The flow 1s directed by baffles toward the rear of the chamber,
back to the front and then to the exit at the rear. The relatively long
detention period and decreased velocity allows the heavier suspended sed-
iment to settle in the chamber. To determine the sediment concentration
it 1s necessary to know the duration of sampling and the stream velocity
at the sampling point as well as the quantity of material collected. It
is also necessary that the sampler be calibrated to determine the degree
of error due to fine particles not depositing in the sampler.

85. QCanter Cremer sampler--The sampler, shown inFig. 62, was devel-
oped by Mr. Canter Cremer and has been used in Holland since about 1918.

Q —
| — |

ST

]

Fig. 62—Canter Cremer sampler.

It 18 essentiallya sedimentation chamber through which the water flows.
The c¢ross-sectional area of the intake is small in compsrison to that of
the chamber and discharge vents, causing a relatively low velocity in the
chamber which allows the heavier sediment to settle out. The water-
sediment 18 directed from the entrance to the rear of the chamber, re-
verses, and flows through the chamber at a reduced velocity toward
discharge ports near the front. These ports are located in such a manner
that the stream flow past the sampler creates suction to draw the water
through the chamber.

The percentage of suspended material that will be deposited in the

chamber depends upon the size of particles and the period of detention
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within the chamber. The sampler has been calibrated to correct the
measured sediment for various particle sizes and stream velocities. The
calibration showed that with material of .5 to 1.0 mm. size and stream
velocities of 4 to 5 ft./sec., up toabout 18 per cent of the total quanti-

ty of material passed through the chamber. With finer materials the
loss increased rapidly and for fine sands of less than .5 mm. particle
diameter, as much as 70 per cent of the suspended load, by volume, passed
through the sampler. The sampler is adapted primarily to sampling where

coarse materials predominate.

§6. Collapsible container samplers--A sampler with a container which
is collapsed prior to filling bhas a desirable characteristic in that it
tends to fill in proportion to the R ey

[
stream velocity. Being devoid of T (:::::::#3——= —

air, the sampler is unaffected in

ita filling by the hydrostatic pres-

sures of depth of sampling.

The Gluschkoff sampler, Fig. 635,

has been used in Russia. [t features Fig. 685—Gluschkoff time-
integrating collapsible
several collapsible rubber bags, un- bag sampler.

protected, attached to a handle, enabling the collection of a series of

simltaneous samples from several depths. Prior to and after filling the
handle is turned so as to face the intake downstream thereby pinching the
rubber neck to close the bags.

The collapsible bag type sampler used in Germany, Fig. 64, consists

of an India rubber balloon enclosed in a tin box. A brass intake tube
extends out in front of the box facing into the stream. The mouth of the
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Fig. 64--Rhine Works Authority collapsaible
bag sampler.

balloon is opened and closed by a lever operated pinch clamp mecheanism

which 1ig controlled by an auxiliary line.

87. Lake States Forest Experiment Station time-integrating sempler—-

The Lake States Forest Experiment Station sampler, shown 1n Fig. 65,
commonly referred to as the "swordfish" sampler, consists of a horizontal
sample container with intake tube for filling and a vent for the escape

of air. The 3intake vof 1/4-in. brass tubing projects upstream from the

Flg. 65--Lake States Forest Experiment
Station time-integrating sampler.

end of the sample container. The air exhaust tube projects vertically
at the upstream end of the sample container and is provided with a small

float valve which closes the exhaust when the sampler 1s filled to prevent
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further infiltration of water-sediment. The capacity of the sampler is
approximately 1/2 pt. or 230 cc.

The sampler has been used primarily in the depth-integrating method
of sampling, lowering to the stream bed and raising to the surface at such

a rate that the container is not guite filled upon reaching the surface.

88. Rock Island District, U.S.E.D., simplified time-integrating

sampler--The Rock Island U. S. Engineer District of the Wwar Department
has deveioped from the preceding sampler the simplified slow-filling
sampler, shown in Fig. 66, for use in extensive sediment investigations of
that district. The sampler con-
sists essentially of a horizontal
sample container with intake tube
and controlled air exhaust vent.
The intake isal/4-in. brass tube,
flush at the upstream end of the
streamlined sample container, and

faces directly iato the stream

flow. The air exhaust tube extends

Fig. B66--Rock Island District,
upward and 1is inclined downstream U.S.E.D., simplified time-
integrating sampler.

to provide suction for the evacua-

tion of the eir from the sampler. The exhaust tube is provided with a

brass stop cock which is adjustable to predetermined positions to regulate

the rate of air escape and consequently controls the rate of filling.
The sampler 1is used principally for the uepth-iutegratlon method of

sampling, being lowered and raised throughout the stiecam depth at a

uniform rate. Its capacity is approximately 1-1/3 pt. or about 800 cc.
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89. Frazier, U.S.G.S., time-integrating sampler--The time-integrating

sampler, shown in Fig. 67, was developed by Mr. A. H Frazier of the
U. 5. Geological Survey and has been uged to some extent 1n that depart-
ment. The sample con- .
talner is a2 regular pint
milk Ybottle clamped into
a recess In a streamlined
bronze welght. A sealing
device 1nserted into the
mouth of the bottle has
a 8mall hole for the
water entrance and air
exhaust which 18 clcsed

by a rubber stopper. A

tube guides the stopper

Scaling Devica . Stopper

te whieh it is attached

and also serves as an &ir

exhaust, the alr escaping

@)~ T sampler saody to (b}— The Firat weight (@ =Thre ascond weight hos

ba submorged  Tha sloppoer sy has bean dropped, ro)3in. becn dropped  The stepper has

through amall wvents 3In  sroted 1 ntake fube stopper teom intake tu Been released from the TIE mech
allowing the hottie fo Nl anpm and bos bren pulied Mack

into tha bottie by the spring.

the back side of the tube.
Fig. 67--Frazier, U.S.G.5., time-
A small coil spring con- integrating sampler.
necting the bottom of this tube to the main body of the sealing device
returns the stopper to the seat in the hole when released.
The double trip mechanism for opening and closing the bottle is

built into a flat stainless steel tube which also acts as the connection

between the bronze weight and the suspension cable. A small messenger
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welght dropped down the suspension cable depresses a plunger and allows
the heavy Dbronze welght to drop 1 in. By this action, the stopper
is raised from the sealing device and the water flows into the sampler
through the entrance. At the impact of a second messenger weight another
trip action releases the stopper which is pulled back into the sealing
device by the spring and closes the sampler. The entire sampler measures
only 16 in. in height, is streamlined, &and capable of sampling down to a
foot from the stream bed. The trip mechanism, utilizing the bronze weight

for the motivating force, 1s very positive in action.

80. Omaha District, U.S.E.D., time-integrating sampler--The time-

integrating sampler, shown in Fig. 68, was designed by the Omsha 0. S.

Unassembled, showing sample Assembled, ready
in bottle reedy for ship- for sampling.
ment tc laboratory.

Fig. 68--Omaha District, U.S.E.D., time-integrating sampler.

Engineer District of the War Department and has been used in extensive
gsediment investigations of that district. The sample container, a pint
wide-mouth fruit jer, fits 1into a recess in & streamlined weight. The

cap for the container 1s made of brass and has a 1/4-in. orifice for the
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water intake and a'siphon of 3/16-in. copper tubing for the air exhaust.
A large cork float, attached to the cap, closes both the intake orifice
and the air exhaust tube when the bottle is full, but no provision is
made for keeping the sampler closed until the desired sampling q§pth is
reached., After the sample is collected, the container is removed, the
cap is replaced with a regular jar lid, and the sample is ready to be
shipped to the laboratory. Streamlined weights of wvarious sizes are

available for vse in different stream conditions.

91, Reock Island District, U.5.E.D., time-integrating sampler--The

time-integrating sempler, shown in Fig. 69, was developed by the Rock
Island District of the U.S. Engineer Department. The operating mechanism
of the sampler is housed 1n a streamlined body‘with & streamlined sample
containér suspended immediately below. A series of small instantaneous
samples are collected from the relatively undisturbed flow within a
conduit which extends longitudinally through the streamlined body.

The conduit, about 18 in. long, has a trapezoidal cross section with
an area of about 3 s8q. in. The water of the stream enters at the nose of
the sampler and passes directly through 1t. A section of the conduit is
formed by a valve plug of the stop cock type and has &n 6pening of the
same crosg section as the rest of the conduit. When the valve is turned
at 90 degrees to the open position, a sample trapped within its section
is spilled into the container below. The conduit is cloged to flow until
the wvalve 1s returned again to the open posgition. A serieg of these
samples constitutes a composite time-integrated sample.

The valve isactuated almost instantaneously by a heavy clock spring,

and controlled by a ratchet and trigger mechanism which stops the valve
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Front view, open.

Q Sional Light

s

Walor passing through
weler condui! of mafar,
unobsirucied flow.

!
'

TR

L

Than valie is Iripped, snd

Signal Ligh?
On

Water (rarmple) peazes from vaive
chamber info collection fank for
Iater removel sod anslysis, A
sovies of such amall samples are
collected 8f ssch point of abser-
vation fo oblein an integrated
sample.

Scnematic diagram.

Fig. 69--Rock Island District, U.S.E.D.,
time-integrating sampler.

at each quarter turn. The ratchet is released and the valve allowed to
rotate instantaneously through 90 degrees when an electric circuit which
actuates the trigger mechanism is closed by the operator. A signal light

at the surface 1is turned on while the valve is in the c¢losed position.

92. U. S. Bureau of Reclamation pumping sempler--The sampler, shown

“in Fig. 70, was developed by the U. S. Bureau of Reclamation and used for

investigations in the lower Colorado River. The water-sediment sample is
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Thras Way Veive

sucked in through a pipe or hose whose

entrance, placed at the desired sampling
point, faces into the current. The suction

is produced with a pump which evacuates the

water or air from a 50-gal. tank connected
directly to the sampling hose. The water

from the sampling point flows continucusly

through the hose into the tank until the

flow 1s diverted into a sample bottle by

turning valves which connect both the sam- Fig. 70--U. S. Bureau of
Reclamation pumping
pling hose and the vacuum to the bottle. sampler.

93, Baltimore Bureau of Water Supply vacuum sampler--The vacuum
sampler, shown 1in Fig. 71, described by Mr. Edward S. Hopkins in Engi-
neering News-Record, May 351, 1928, has
been used in the Bureau of Water Supply,

Baltimore, Maryland. The sampler consists

of the "depth sampler" whichis an inverted

funnel, 7 in, in diameter at the mouth,

and 6 in. high; a glass jar "collecting

bottle"; and a pump with the necessary
Fig. 71--Baltimore Bureau connections for evacuating the collecting
of Water Supply vacuum
sampler. bottle. Vacuum, produced by & hand pump
and laboratory vacuum flask at the surface, 18 applied te the collecting
bottle through a rubber hose and the water is sucked through the depth
gsampler up into the collecting bottle.

The water is pumped through the collecting bottle until the flow is
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established and the final sample can be trapped at any desired time.
When sampling from a high bridge it is necessary to suspend the collecting
bottle adistance sbove the water surface not to exceed the meximum vacuum

which can be obtained with the pump.

94. Italian pump and centrifuge sampler--A boat, equipped as shown

in Fig. 72, has teern used for experimental sediment investigations in the
Po River in Italy. The in-
stallation consists essen-
tially of a hand pump with
an intake hose reaching to
the sampling point and a
centrifuge for segregating
the suspended load from the

water. A reel is providea

for the intake hcse to regu- Fig. 72--Italian pump and centrifuge
sampler.

late the depth of sampling,

and a water meter registers the quantity of water pumped. The suspended

load, separated by the centrifuge 1is dried and weighed to determine the

concentration in the total volume of water-sediment pumped.

35. BHolland pumping sampler--A pumping sampler used Dby the Study

Department of the Directorate of Upperrivers at Arnhem, Holland, consists
of a boat egulpped with a suction pump system and collecting tank for the
sample of water-sediment. The collecting tank features a glass measuring
tube at the bottom into which the sediment settles. The rate of sample

intake 1s measured as the sample discharges into the collecting tank and
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ls regulated 8o as to equal the quantity of
water passing an area equivalent to the cross-
sectional area of the intake.

A feature of the sampling system 1s the

orienting device, shown in Fig. 73, which is

attached rigidly to the metallic mouthpiece of

Fig. 73--Intake the intake hose. It 18 a streamlined weighted
orienting device of

Holland pumping sampler. pody equipped with fins which keeps the mouth

of the hose facing directly into the current.

96. Sind siphon sampler—-A siphon sampler developed by the Province

of Sind, India, has the unique feature of being able to control the
velocity at the intake. The apparatus consists of a 5/8-in. pipe siphon
with ite end tapped into the 8ide of a 1.5-in. plpe, 2 ft. long, which
faces Into the stream and =sllows the water to flow freely through it.
The sample, siphoned from the stream flow, discharges into a cylindrical
tank submerged to a depth of about 6 fi. below the water surface. The
rate of flow through the siphon is controlled by adjusting the distance

between the discharge end of the siphon and the surface of the stream.

97. The photo-electric turbidity meter-—One of the more &sdvanced

designs of equipment for adapting the turbidity measuring principle of
the photo-electric cell to the measurement of suspended sediment is
1llustrated in Fig. 74. It is described by Jakuschoff (29) who found in
preliminary experiments, as did Hjulstrom (22), a decided tendency for
unreliability. In operation the guspension flows through the lorg hori-

zontal cylinder passing between the light source and the photo-electric
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Fig. 74--Photo-electric turbidity meter.

cell which are enclosed in water-tight chambers on opposite sides of the
cylinder. The intensity of the ilght reaching the cell, a function of
the turbidity of the suspension, is indicated by the intensi.y of the

electric current through the cell.
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XI. SUMMARY AND CONCLUSIONS

98. GScope of report--Thls report is one phase of a joint project

conducted by & number of government angencies to study the equipment, field
technique, and laboratory procedureg involved in sediment investigations.
Specifically, this report includes the following subjects concerned with
the sampling of suspended load: |

a. A history and discussion of {leld practices In selec-
tion of sampling points across the stream.

b. A history and discussion of field practices 1n deter-

mining the depths at which samples arc taken.
c. Frequency of sempling.
d. A history and discussion of sampling equipmert includ-

ing a classifisation by mrle of actinn 2nd o llsting of the
principal characteristics i’ groups.

99. Study of field technigque--The hlstory of the devzlopment cf

field practice summarizes fifty-zix invostigations extending from 1808 to
the present time, includlng studies Inthe United States, France, Germeny,
Finlend, Sweden, Italy, Central Asia, 1lurkesten, Iraq, Afghanistan,
India, China, Egypt, South Africa, and Argentina.

Thz methods of selecting verifecals to be sampled are considered in
Chapter ITI. Most of the meihods are arbitrary, including single verti-
cal, 1/4, 1/2, and 3/4 width, and any other number of vertlcals selected
with only minor 00n;ideration of velocity distribution. The L/6, 1/2,
and 5/6 width method hes been verified expérimonually for n fev strooms
but is not necegssarily applicable to other streams. The methods hoving
rational justiflecation are those in vhich the verticcls are selected so

ag to represont equal dischargoes or where wéights proportlional tc the
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discharge are applied to vertlcals more or less arbitrarily chosen. An
approximation of the former method has been to select verticals estimated
visually to be at midpoints of sections of equal discharge. A method of
locating directly the verticals representing equal discharges, based on
previous records of stage and velocity distribution, is presented.

Data concerning vertical distribution of suspended sediment for
different investigations are presented in Table 3, Chapter IV, and the
relation of wvertical sediment distribution to methods of sampling in the
vertical is discussed. For purposes of discussion, the methods of sampling
a vertical are divided into three classes: arbitrary, empirical, and
rational, The methods of sampling at surface, mid-depth or any other
point or combination of points are arbitrary unless they consider velocity
and sediment distributions or unless coefficients are obtained from more
complete studles. Most common of the empirical methods are the 0.6 depth
method and the surface method using coefficients based on previous ex-
perimentation. The surface, mid-depth and bottom method, with mid-depth
concentration given double weight, is discussed with the empirical methods.
The depth-integration method as performed at present, wilthout regard to
velocity distribution or hydrostatic pressure, is not a2 fully rational
method. The precise, Straub, Luby, and depih-integration methods are
considered rational 1f wvelocity distribution and hydrostatic pressure
are properly accounted for. All these methods are discussed in Chapter IV.

The use of rational methods of selecting verticals and the location
of points 1In these verticals will, in general, give the most accurate
results.

The amount of error resulting from the various mgthods of selecting
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gampling points is as yet uncertain, but a study is being made of the
accuracy of various methods of selecting points in the vertical.

Frequency of sampling i= emphasized as one of the more important

considerations in a sampling program, and unfortunately, it does not lend
itself readily to solution by rational or analytical ﬁothods. Whether
solved by‘rational methods or determined by somewhat arbitrary methods it
is dependent upon the rate and magnitude of change in sediment concentra-
tion, which in turn, dépends to a considerable extent upon characteristics
of each stream and storm. At present the most practical criterion of
where and how frequently to sample the suspended load, other than periodic
routine measurements, is change 1In gtage. In general, more frequent
sampling is necessary preceding a peak than following a peak. The amount
of Increase in frequency indirectly depends to a considerable extent upon
gize of drainage area, with small flashy streams generally‘requiring very
frequent sampling during rising stages.

L direct relationship between water and sediment discharge cannot he
relied upén to provide even g fair estimate of total suspended load at
any short period, but this relation is often used for total loads over a
consliderable period when no other method is available. If the relation is
based upon a large number and range of observations, it‘may give falr re-
gults for totals over long periods. At present the only satisfactory method
of determining the best frequency of sampling is to study the watershed,
gtream, and rainfall characteristics with consideration of the type of in-
vestigation, and from that more or less arbitrarily specify the periodic
frequency of routine measurements and the amount of intensive sampling

necessary with various changes of stage, particularly of rising stages.
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In addition to the importance of proper selection of verticals, the
choice of points in each vertical, and the frequency of sampling, the re-
liability of the observer and the accuracy of the sampler itself are major

conslderations.

100. Study of sampling equipmeﬁt——The study of the sampling equipment

which has been used in the past included the collection of data on more
than sixty-five samplers, covering a wide range of methods of entrapping
the sample. From a study of these it was appafent that a grouping of the
gamplers was possible, since certain of them embodied the same principle
or mode of action. Consequently the followlng grouping evolved, which

proved advantageous in both discussion and presentation:

[\
-

Vertical pipe samplers.

13

Instantaneous vertical trap samplers.

e

Instantanecus horizontal trap samplers.

19,

Bottle samplers.

Time-integrating samplers.

lo

f. Pumping samplers.
g. Photo-electric equipment.

During this study, certain features of the samplers were recognized
to be advantageous and others to be objectiqn&ble. The most important
have been presented iﬂ this report.

In most cases existing samplers were designed to satisfy specific
requirements of a particular investigation, with the result phat no single
sampler or type of sampler has yet evolved which can satisfy the reguire-

ments of all sampling conditions. To serve as a gulde to some extent in
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future gampler development, the requirements of the "idezl" sampler suit-
able for all conditions were set forth,
Two paramount factors in the gseloction of sampling equipment are;
‘a. The instantaneous fluctuations of sediment concentra-
tion which may be of sufficient magnitude to result in serious
errors in ¢ determinotion of sediment discharge based on a
single instantaneous gample. This factor should be given due
consideration and compengated for either by number of sumples
collected from the same point, or by allowing a sufficient length
of time to collect a single sample.

b. Disturbance of flow lines in the sampling zone may re-
sult in o tendency to segregate the suopended sediment from the
water and coauge the sample to have a higher or lower concentra-
tion than the true value. Although an evaluation of the effects
.of the disturbance of flow upon the concentretion has not been
accomplished, this factor should be given consideration and
sampling equipment should be selected which tends to collect
the samples with a2 minimum of digturbence to thc sampled water.

. The instantaneous samplers, both the horizontal +trap type, repre-
sented by samplers illustrated in Figs. 29 ond 31 to 40, and the vertieal
trap type, repreosented at best by the Eakin sampler, Figs. 18 to 20, have
been developed to an advanced gtage with speclal consideration given to
the reduction of the disturbence of the sampled water. They are particu-
larly adapfed to sampling in extremely doep and swift water. The horizontal
trap samplers, because of their simplicity, ruggedness, ability to sample
adjacent to the streem bed, and positive acticn, have been moot widely
used and stand out, in general, as the most important of the instantaneous
sumplers.

The time-integrating samplers, repregenting the latest development,
theoretically collect the sample with a more or less smooth-filling action
over a period of time, so as to ebtain a sample representing a mean of

the Tluctuating concentration. This type of sampler can be relatively

simple in depign, compact and well adapted for uge in ordinary stroam
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conditions. Until further studies of flow into the time-integrating
samplers are completed, 1t can only be stated that tendencies toward
segregation of water and sediment are probably less pronounced if the
intake faces directly into the stream.

In the depth-integration method of sampling, in which a sample is
collected throughout the depth of the stream, none of the samplers used
at present, regult in g theoretically correct depth-integrated sample,
because their rate of filling is not directly proportional to the stream
velocity. The megnitude of errors resulting from their use is being given
further study. The collapsible container type of time-integrating sampler,
uged to some extent in Russia, is said to fill at a rate proportional to
the stream velocity, and thus obtaln a theoretically true representative
gsample throughout az vertical. However, some investigators have found
that In its present state of development 1t 1s not adapted to field use.

Pumping samplers, although used +to some extent at more elaborate
sampling installation sitea,' have not been developed to a practical stage
for general field adoption.

The photo-electric method of determining sediment concentratioﬁ has
been tried by several investigators, but has been invariably abandoned
as unsatisfoctory because of the impracticability of evaluating the

numerous varlable factors.
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